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ELEMENTS OF SCIENCE. 



CHEMISTRY, 



Hitherto we have considered the action of 
bodies on each other in masses^ or what is called 
their mechanical actions ; and for this purpose it 
was not necessary to attend particularly to the 
difference in the many species or kinds of matter, 
which we distinguish more or less readily. 

But if we present bodies of different kinds to 
each other in proper circumstances, a certain action 
takes place between the minute particles of one sort 
of substance upon those of another sort, by which, 
frequently, the individual or peculiar properties of 
each disappear, and a new substance is formed. 

The study of this action of the minute or ulti- 
mate particles of different kinds of matter on each 
other is called chemstry, and the powers thus ex- 
erted occasion chemical actions. 

Itidependently of the enlargement of our views 
of nature, and the pleasure and entertainment de- 
rived from contemplating her operations, chemistry 
is essentially us^ftil in many of the arts lipon 

VOL. n. B 
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2 CHEMISTRY; 

which the comforts, and even the very . existence, 
of civilized life, depend. 

As examples, we may mention the arts of 
dyeing, bleaching, tanning, potting, glass-making, 
baking, brewing, distilling, working metals, &c. &c. 
which owe their present state of perfection to the 
science of chemistry In agriculture it is capable of 
affording great assistance, by explaining the nature 
of soils and manures ; and in medicine its import- 
ance is invaluable, many of the most efficacious re- 
medies being entirely formed by chemical processes. 
In short, there is scarcely any art or trade which 
either does not altogether depend upon, or may be 
benefited by this science. 

By chemical means we are enabled to reduce 
compound bodies to the constituent principles of 
which they are composed, and this operation is 
called anah/siSf or decomposition. When a substance 
cannot by any means be resolved into others, it is 
called a simple body ; and it is now known that 
all that vast variety of substances which we see is 
composed of a few simple bodies, which hence are 
called elementary substances. 

Formerly, air^ earthy Jire, and water^ were sup- 
posed to be the elements of which all bodies were 
formed ; but modern chemistry has shown that this 
was an erroneous supposition. For the air, or at- 
ipbsphere, is compounded of several distinct kinds 
of aerial fluids or gases. Instead of one kind of 
earth, it is now known that there, are several kinds. 
Water is no longer considered as an element, being, 
in fact, formed of two substances very different, viz. 
of oxygen and hydrogen. " Fire is less understood, 
and is still retained as an element under the name 
of caloric. 

From the improvements that are continually 
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making in the methods of analyzing bodies, or 
separating them into their component principles 
or elements, several other substances once supposed 
to be simple are now found to be compounds : and, 
as chemistry continues to advance, the list of simple 
substances may be reduced ; our inability to de- 
compose any body not proving it to be simple, but 
only, perhaps, that our methods of e:^amination are 
still imperfect. 

The substances which hitherto have resisted all 
the known methods of analysis, and which, in the 
present state of our knowledge, are considered a^ 
the elements of all bodies with w^hich we are ac- 
quainted, are the following : — 

Suhstances 7iot metallic. 



1. Light 

2. Caloric 


8. Iodine 




9. Sulphur 
10. Carbon 




3. Electric fluid 




4. Oxygen 


11. Phosphorus 




5. Nitrogen 


12. Boron 




o. xiydrogen 


13. Fluorine. 




7. Chlorine 






Metallic s 


ubstances. 




l^. Potassium 


35. Zinc 




15. Sodium 


36. Antimony 




16. Lithium 


37. Bismuth 




17. Calcium 


38. Arsenic 




18. Ma^ium 


39. Nickel 




19. Banum 


40. Manganese 

41. Cobalt 




20. Strontium 




21. Silicium 


^ 42. Molybdena 




22. Aluminum 


43. Tungsten 

44. Osmium 




23, Yttrium 




24. Glucinum 


45. Iridium 




25. Zirconium 


46. Rhodium 




26. Thorinum 


47. Palladium 




27. Platina 


48. Cadmium 




28. Gold 


49. Tellurium 




29, Silver 


50. Titanium 




30. Mercury 


51. Chromium 




31. Iron 


52. Uranium 




32. Copper 


53. Columbium 




33. Tin 


54. Cerium 




34. Lead 


55. Sereniunei. 
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4. OPERATIONS AND INSTRUMENTS 

The utmost degree of mechanical division which 
we can effect in bodies, by pounding, grinding, and 
similar processes, can only reduce them to frag- 
ments so small that they can no longer be per- 
ceived by the sight ; but we cannot thus arrive at 
those ultimate atoms, molecules, or particles, of 
which the various species of matter are supposed to 
GOtisist, and which are, perhaps, incapable of 
subdivision. 

Besides the attraction of gravitation possessed 
in common by all matter, these elementary sub- 
stances possess peculiar attractions for each other, 
which are called chemical attractions. By these 
attractions, or affinities, as they are called, they 
combine together, and form compound bodies. 



OPERATIONS AND INSTRUMENTS USED IN 
CHEMISTRY- 

The great principle of all cliemical operations 
which enable us to decompose certain bodies, and 
to compound others,^ is, that even/ substance has a 
peculiar qffinitj/ or attraction for other substances, 
but that it has different degrees of attraction for 
different substances. This is called elective affinity 
or attraction. 

If some oil and some alkali be put together, they 
will unite and form soap. But if to this a little 
dilute sulphuric acid be added, the oil and alkali 
will be separated from each other again ; the alkali 
having a stroijger attraction for the acid than it has 
for the oil, will leave the latter and join the acid. 

Dissolve some magnesia in nitric acid, and the 
solution will be transparent. Also dissolve some 
lime' in water by letting it remain for some 
hours: the solution of lime in water will also 
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USED IN CHEMISTRY. O 

be transparent Pour them t<:^ether, and imme^ 
diately a turbid appearance will be presented, and 
a white powder will fall to the bottCMn. This 
powder will be found to be magnesia* The ex- 
planation is this: the nitric acid has a greater 
attraction for litoe than it has for magnesia ; tfietc^ 
fore^ it lets fall the latter and takes up the former. 
The substance thus thrown down is called a jpre- 
cipitate^ and the process iscdiled precipitation. : 

If all the bodies presented to each other are 
compounds, sometimes two new substances arc 
formed. Thus, if solutions of nitrate of barytes 
and of sulphate of soda be mixed together, the 
former being composed of nitric acid and barytes, 
arid the latter of sulphuric acid and. soda, two 
new products will be .obtained, viz. nitrate of 
soda and sulphate of barytes. For the nitric 
acid will leave the barytes and join to the soda, 
and the sulphuric acid will give up the soda and 
seize the barytes. This is called double electiaoe 
affinity^ as the former example was of single 
el&:tive qffinity. When different substances unite 
chemically y and form a compound, they always unite 
in the same proportion. Thus,- .water, which is 
composed of oxygen and hydrogen, always con- 
.tains the same proportion of each ; that is, we do 
not find that in several specimens of water the pro- 
portions of oxygen and hydrogen vary. Also, if 
an acid and an alkali combine together, and 
thus form a certain salt, they always unite in the 
same proportion to form that salt ; however, they 
will sometimes combine in another proportion to 
form another salt ; but when substances unite in 
more than one proportion, the second, third, &c. 
proportions are multiples or divisors of the first. 
This is one of the latest discoveries in chemistry, 

B 3 
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b OPERATIONS AND INSTRUMENTS 

and has given rise to the doctrine of definite 
proportions. 

Here it must be remarked that chemical com^ 
Unatioii and mechanical mixture are very different ; 
since, although bodies only combine in definite 
proportions, yet, they can be mia^ed together in all 
proportions. 

In general, before substances can be made to 
act chemically on each other, one of them, at 
least, must be in a fluid state ; and, tiiat solids 
may be acted on more easily, they are generally 
miBchanically divided into small pieces, or reduced 
to apowden 

By triturationy pulverization, and Imgationy is 
meant the reduction of solids into powders of dif- 
ferent degrees of fineness. Brittle substances are 
reduced to powder by means of hammers, pestles 
and mortars, stones and muUers. Mortars and 
pestles are made either of metal, glass, porcelain, 
marble, agate, &c. according to the hardness and 
properties of the bqdies to be pounded. Wed0E- 
w®OD*s ware affords a most ekcellent kind of mor- 
tar for most purposes, as it is very strong, arid not 
liable to be acted upon by acids. Many bodies 
cannot be reduced to powder by the foregoing 
methods : such are fibrous substances, as wood, 
horns of animals, elastic gum, and mettles which 
flatten under the hammer ; for these, Jiles, rasps, 
knives, and graters, are necessary. 

The separation of the finer parts of bodies from 
the coarser Vhich may want farther pulyerization^ 
is performed by means of sifting or washing. 

A sieve for sifting generally consists of a cylin- 
drical band of thin wood, or metal, having silk, 
leather, hair, wire, &c. stretched across it T^ey 
are of different degrees of fineness. 
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USED IN CHfeMISTRT, 7 

Washing is used fbr procuring powders <rf aft 
uniform fineness, mueh more, accurately tlian by 
means of the sieve j but it can only be used for 
fiuch substances as are not acted upon by the fluid 
which is used, TTie powdered substance is mixed 
with water, or other cmivenient fluid : the, liqudr 
is allowed to settle for a few moments, and is then 
decanted off; the coarsest powder remains at the 
l>ottom of the vessel, and the finer passes over 
with the liquor. By repeated decantations in thte 
manner, various sediments are obtained, of diflferent 
degrees of fineness : the last, or that which re- 
mains longest suspended in the liquor, being thfe 
finest. 

Filiation is a finer species of sifting. It is 
sifting through, the pores of paper, or flannel, or 
fine linen or sand, or pounded glass, or porous 
stones, and the like ; but it is used only for separ- 
ating fluids' from solids, or gross particles that 
may happen to be suspended in them, and not che- 
mically combiqed with the fluids. Thus salt water 
cannot be deprived of its salt by filtration j but 
muddy water will deposit its mud. Np solid, even 
in the form of powder, will pass through the abov^- 
mentioned filtering substances : heiice if water or 
other fluid, containing sand, insects, mud, &c* be 
placed in a bag or hollow vessel made of any of 
those substances, the sand, &c. will remain upon the 
fflter, and the liquor will pass through, and may bb 
received clear in a vessel under it. Unsized paper 
is a very convenient substance for making filtei's 
for chemical purposes. It is wraj^d up in 3, 
conical form, and put into a glass funnd, which 
serves to strengthen the paper and support the 
weight of the fluid when poured into it. ^ 

Decantation is often substituted, instead o£ fil- 
B 4 
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>S OP£RATIONS AND INSTRUMENTS 

tr^fmh for sepanating sojid particles which are 
dtfiused through liquors. These are allQwed tP 
settle to the bottom, and tile clear fluid is gently 
poiU*ed off. If the sediment be extremely light; 
and apt to mix again with the fluid, by the slightest 
motion, a syphon is used for drawing oflF the clear 
fluid. 

Liaiviation is the separation by means of water, 
or other fluid, of such substances as ^u*e soluble in 
it, from other substances that are not soluble in iU 
Thus, if a certain mineral consists of salt and sand, 
or sfdtaiHl clay, &c. the given body being broken 
to powder, is placed in water, which will dissolve 
the salt, and keep it suspended, whilst the earthy 
Matter falls to the bottom of the vessel, and, 
by means of filtration, may be separate from the 
fluid. 

Evaporation separates a fluid from a solid, or 
^ more volatile fluid from another which is less 
volatile. 

Simple evaporaUoU is used when the more vola-' 
tilfe or fluid substance is not to be preserved. 
Various degrees of heat are employed for this pur« 
pose, according to the nature of the substances, 
it is performed in vessels of wood, glass, metal, 
porcdain, &c. BjEisons made of Wedoewood's 
w'are ate very convenient, as they are not apt to 
Mtedk by sudden changes of heat. Small flasks of 
thin glass also: these are placed either over the 
naked fire, or in a vessel filled with sand, which is 
then called a sand-hoik. This affords a more re- 
guliar. degree of heat, and renders the vessels less 
liable to be broken. 

/When the fluid which is evaporated must be pre- 
served, then the operation is called distillation. 

Distillation is evaporating in close vessels, when 
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USED IN CHEMISTRY. 9 

we wish to separate two fluids of diiO^rent degrees 
of volatility, and to preserve the most volatile, or 
both of them. The substance to be subjected to 
diptUktion is put into some vessel that will resist 
the action of heat, called a re tor i^ sai alenibiCf or a 
stilly having a beak or neck projecting from it, to 
which is attached another vessel, to receive the 
fluid that rises fin^t, which is called the recipient, 
or receiver* The vessel that coqtains the liquor to 
be distilled is placed upon the fire, or in a ssmd- 
bath, or over a lamp : the heat causes the most 
volatile fliiid to rise in the form of vapour, and te 
pass into the receiver, where it is again condensed 
by cold. This condensation is s<Mnetimes as- 
sisted by making the vapour pass through a tub^ 
which is immersed in a vessel containing cold 
water. 

A (Plate 1. fig. 1.), represents a retort ui^ed for 
distillation. It is a vessel, either of glass or bak<4 
earth, for containing the liquid to be distilled* 
When it has a small neck, a, with a stopple fitted 
to it, for introducing the materials through, it is 
called a tubulated retort B is the receiver for con- 
densing the vapour which is raised, and into which 
the neck of the retort is inserted. The joiping, ft, 
is made air-tight by means of some substance ap- 
plied to it, called a lute. Various methods are 
used for supporting both the retort and receiver, 
according to the degree of heat employed in the 
process, and several (Ahev circumstances. 

When great heat is employed, earthen retorts 
are used, which are placed on or in the fire. When 
a less heat is wanted, glass retort43 are generally 
employed, which must not not be placed imme- 
diately on the fire, unless they are coated over 
with a composition of clay and sand, which is 
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10 OPERA-I^IONS AND INSTRUMENTS 

sometimes done. Glass retorts are generally 
placed in a sand-bath, or suspended over a lamp, 
for which Argand's lamp is the best. The re^ 
ceiver is placed upon some stand convenient for 
the purpose, with a ring made of hay under it, or 
some such contrivance, to keep it steady. 

A (Fig. 2.), is a vessel called a mattrasSy for the 
dame purpose, having a vessel, B, called an alembic^ 
*&ited to tiie head. The liquid raised by heat into 
the state of vapour, is condensed in the alembic, 
and falls into a groove all round its inside, from 
whence it runs out by the spout, C, into the re- 
ceiver, D. 

Fig. 3. are conical tubes that fit into another, 
for lengthening the necks of retorts, &c. to con- 
nect them with the receivers at any distance: they 
are called adopters. 

Kg. 4. are phials with bent glass tubes fitted in 
them, for disengaging gases, and similar experi- 
ments : they were used by Priestley, and are 
hence c^-Ued Priestiey^s bettks^ and sometimes 
proems : they are either tubulated or plain. 

A (Fig. 5.), represents a common still. It is a 
large vessel of copper, into which the materials 
to be distilled are put^ The still is built up in 
brick-work, which covers it up to the neck; the 
fire is applied underneath, and runs round it in a 
dpiral manner. B is the head of the Mill. This 
head is connected with the worm, which is a spiral 
tube, immersed in a vessel of cold water, called the 
refrigeratory J or cooling tube, C. The liquor be- 
ing condensed in its passage through the worm, 
runs out at the cock, D, into the vessel placed 
there to receive it. 

This is yje construction of the common still for 
distilling spirituous liquors j but a very great im- 
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USED IN CHEMISTRY, 11 

provement has been made upon this instrument, in 
Scotland, within these few years. This improved 
apparatus is known by the name of the Scotch 
still, a section of which is represented. Fig. 6. The 
principle of the improvement consists in exposing 
a great quantity of the surface of the fluid to the 
action of the fire, and afibrding a more ready means 
for the escape of the vapour or gas. 

A, is the body of the still, made very shallow 
and concave at the bottom, in order that the fire 
may act better upon it j bb^ are a number of tubes 
opening into the still, and communicating with the 
neck of the still B, in order to convey the vapour 
off as soon as it is formed ; cc^ is a cover th^t shuts 
down over the pipes and top of the still, to keep it 
warm, by preventing the loss of heat which would 
be occasioned by the contact of the cold air. ITiis 
is efiected by the quantity of air that is confined 
between the cover and the top of the still ; for it 
is a fact which is now well known, that confined air 
is a non-conductor of heat. In general, the heads 
of stills are kept warm by laying blankets upon 
them, at least when this is attended to, as it ought 
always to be ; but this metallic covering, by sur^ 
rounding the still with a quantity of confined air, 
answers the purpose still better. 

When the materials which are evaporated con- 
Crete in a solid form, within the neck of the dis- 
tilling vessels, then the distillation is more properly 
called sublimation. 

By the above means, one fluid may be separated 
from other materials; but it often happens, that in 
distillation the substances which are subjected to 
this process have a chemical action upon each 
other ; new combinations take place, and perma- 
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12 PNEUMATO-CHEMICAL APl'ARATUS. 

nently elastic fluids or gasies are disengaged, which 
are required tb be preserved and examined. For 
this purpose, a very useful apparatus is employed, 
called the 

PNEUMATO-CHEMICAL APPARATUS- 

Fig. 7> represents an improved pneumato-chemi- 
cal apparatus and lamp-furnace connected with it- 

A, is a vessel filled with water. In this vessel 
a shelf is placed, so as to be a little under the 
surface of the fluid, havirtg several holes bored 
through it, to which small funnels are attache^ 
underneath. 

The glass air-jar, or receiver, B, which is to re- 
ceive and contain the gas, is filled with water, and 
being inverted with its mouth underwater, it is 
raised up gently till its mouth is nearly out of the 
water, but not quite j and it is then placed upon 
the shelf over one of the holes. The receiver will 
remain full of water, which is kept up by the 
pressure of the atmosphere upon the principle of 
the barometer described under pneumatics. 

The materials from which the gas is to be dis- 
engaged, are now to be put into a glass retort, C, 
which is put through, and suspended in one of the 
rings* of the lamp-furnace, D. An improved Ar- 
gand's • lamp, E, having two concentric wicks,^ 
affords^ a much greater degree of heat than the 
common Argand^s lamp, which has only a single 
circular wick; this is placed upon the shelf, F. 

* This lamp with two concentric wicks was first contrived by 
the editor some years ago, and is extremely useful m some 
.chemical operations, as it gives a much greater heat than the 
.common Argand's lamp with owe circular wick. 
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PNEUMATO-CHEMICAL APPARATUS, 13 

The shelf, with the lamp and the ring having the 
retort in it, are now to be adjusted by moving them 
up or down, until the lamp is at a convenient 
height below the retort, the neck of which rests 
upon the edge of the cistern, and the end of its 
neck opens in the funnel under the jar standing 
upon the shelf. The lamp must now be lighted, 
and as soon as the substances in the retort act upon 
each other sufl&cientiy, the gas will begin to be dis- 
engaged, and will ascend through the hole in the 
shelf into the vessel, B, and displace the water with 
which it had been filled. When all the water is 
di^laced, the receiver is full of the gas which w^as 
disengaged from the retort, and may be preserved 
in it by keeping its mouth always under the water 
in the cistern. 

• This gas may be transferred from the vessel, B, 
into any other vessel, in the following manner : fill 
the vessel into which the gas is to be transferred, 
with the fluid in the trough, and place it on the 
shelf as belbre directed^ over one of the holes. 
Then^ake the vessel, B, and keeping its mouth still 
under the fluid, bring it under the hole on which 
the, vessel is placed, then depressing its bottom, 
and elevating its mouth, so as to bring it more to a 
horizontal position, the gas in it will escape and 
rise up through the hole on which the other vessel 
has been placed, and will All it by displacing the 
fluid. In this manner any gas may be formed, or 
transferred from one vessel to another. ' 

The dstem for the water may be made of wood, 
in the manner of a tub, and hooped round, which 
may or may not be painted inside and out. But it 
will be much more elegant if made of sheet-iron, 
tinned, and japaimed of a brown or chocolate co- 
lour. The ornaments, if any, may be of brass, or 
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14 PNEUMATO-CHEMICAL APPARATUS* 

gilt. The best material for the lamp-furnace isi 
brass lackered, and the lamp should be of tin ja- 
panned. The apparatus constructed in this man- 
ner has an extremely elegant appearance, and is 
found to answer perfectly well for a variety of che- 
mical operations. 

When the gas to be procured is absorbable by 
water, quicksilver is used instead of water ; and, 
as it is very expensive, a smaller vessel is neces- 
sary^ which must be made of some material not 
acted upon by quicksilver, as wood or stone j and 
it must be sufficiently strong to resist the great 
weight and pressure of the quicksilver. It is usually 
cut out of a solid block of wood, or marble, or 
made very strong4>f mahogany, and varnished over, 
to make it perfectly tight. 

A small glass vessel, capable of containing an 
ounce measure, is used for measuring gases ; tot 
if this phial be successively filled, aujd inverted un* 
der a large jar, we may thereby throw into that jar 
any required quantify of an elastic fluid, or as many 
measures of one elastic fluid, and as many <^ ano- 
ther, as we please. 

G (Fig. 7.), represents a tube for receiving a 
mixture of gases that are to be exploded by the, 
electric spjurk. It is a very strong glass tube, closed 
at one endi and having a scale upon it, cut with a 
dieunond. Near the closed end two wires pass 
through the glass, and almost touch each other, 
but not quite ; they are cemented in, so as to make 
the holes air-tight. When this graduated , tube is 
filled with the fluid in the trough, and inverted 
upon the shelf, certain measures of the gases to be 
exploded are introduced in the usual way. If thus 
the interval between the two wires be made a part 
of the electric circuit, by fastening chains con^ 
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PNEUMATO^CHEMICAt APPARATUS. 15 

ii6Cted with a Leydeti plual ta the rings of the 
wires, the spark will pass through the interrupted 
space between the two wires, and explode the 
gases. These instruments are called ea^ploding 
tubes. 

In' compound distillations, or when a decompo- 
^tion of the materials subjected to this .process 
takes place, and gases are formed, some of which 
are absorbable by water, some by alkalis, and 
Others are not capable of being absorbed at all, it 
is often required to preserve separate the several 
new substances procured. The apparatus invented 
by Lavoisier for this purpose is the most con- 
venient. 

A (Plate 2. fig. 1.), is a glass retort, the beak 
of which is adjusted to a double tubulated balloon, 
or receiver, B. To the upper tubulure of this re- 
ceiver is fitted a glass tube, C, the other extremity 
of which is conveyed into the liquor contained in 
the glass vessel, D : with this vessel, D, which has 
tibree tubulure^ are connected two or three other 
similar vessels, by means of glass tubes fitted into 
their tubulures, and to the last tubulure of the 
range of Vessels is adapted a glass tube which is 
conveyed under a receiver placed upon the shelf 
of- the pneumatic cistern. Water is put inta the 
first of these vessels, caustic potash into the next, 
or such other substances as are necessary for ab- 
sorbing the gases, and the joinings are weU luted. 
Sometimes it will happen that a re-absorption <rf 
gas takes place; and in this case, that there may 
be na danger of the water in the pneumatic tub 
Entering rapidly into the vessels throu^ the tube, 
E, a capiHary tube is adapted to the middle tubu- 
Itire of each vessel, which goes into the Hquid <^H- 
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16 PNEUMATO-CHEMICAL APPAEATUS* 

taiaed in it. If absorption takes place, eitter itl 
the retort or vessels, the external air enters through 
these tubes, to fill the vacuum which is occasioned 
by the absorption, and no water comes into the 
vessels. 

Large vessiels for containing air, and expelling 
any given quantity, are called gazometers. They 
are of various constructions ; one of the best is the 
following : AB (fig. 2.), is a cylindrical vessel of 
tin, japanned, nearly filled with water, and having 
a tube, C, in the middle, open at top, and branching, 
to communicate with the cock, D. Within tliis 
vessel there is another cylindrical vessel, generally 
of glass, of smaller size, F, open at bottom, which 
is inverted and suspended by the lines e e, which 
go over the puUies/^j^/ and have weightp^^, 
attached to them, to balance the vessel, F* While 
the cock D remains shut, if the vessel F be pressed 
downwards, the air included within it will remain 
in the same situation, on the principle of the div- 
ing-bell } but if the cock be opened, and the vessel, 
F, be pressed down, the air included within it v/iJl , 
escape through the cock, and if a blow-pipe be at- 
tached to^ this cock, a stream of the gas may be 
thrown upon lighted charcoal, or any other body. 
By n^ans of the graduated rod, A, also, the quan- 
tity thrown out is exactly ascertained : this rod is 
so divided as to express the contents of the inner 
vessel In cubic feet, &c. This instrument also an- 
swers for breathing any of the gases, by applying a 
mouth-piece to the cock. To render it more 
portable, the weights g g^ are sometimes included 
in the uprights ii, which are hollow, and wide 
enough to receive them. Sometimes, also, there 
is another branch from the bottom oi the pipe, ia 



Digitized by 



Google 



P>)£UMATO CHEMICAL APPARATUS. 17 

the middle, directed to the side of the outer cy- 
linder, and coming upwards by the side to the top, 
where there is another cock attached. 

For solution^ and dissolutions, and for crystaU 
Uzing salts, vessels of glass or earthenware are 
used. . 

The melting, or causing any body to pass from 
the solid to the liquid state, by the action of fire, 
is calledjusion. The fusion of metallic substances 
requires vessels suflSciently strong to resist the fire. 
Those vessels are mostly, if not always, made of 
earthen-ware, or porcelain, or a mixture of clay 
and powder of black-lead. They are called crtu 
cibles, and are generally of the forms represented 
Kg. 3. Sometimes these vessels have covers made 
of earthen-ware ; but sometimes the fused metal 
must be exposed to a current of air : in that case, 
the crucibles are broad and shallow, as at Rg. 4. 
these are called cupels, and they are formed of 
calcined bones, mixed with a small quantity of 
clay, or of a mixture of clay arid black-lead pow- 
der. But the cupels must not be placed in a 
closed furnace, or be surrounded by coals ; for, in 
that case, the required current of air could not 
have access to the fused metal. They are, there- 
fore, placed under a sort of oven of earthen-ware, 
which is called a muffle, as represented. Fig. 5, which, 
with the included cupel, i^ exposed to the heat of 
a furnace. 

The various degrees of heat which are required 
for the performance of chemical operations render 
a variety of fire-places, or j^m^e^, necessary for a 
chemist. Those furnaces are either open at top, 
or they are covered with what is called a dome, 
and have a chimney^ or tube, to carry ofi^the heated 

VOI- II. c 
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sifff smpl^^ if^. T^ey ar^ sometimes supplied ^t^ 
au? from t^e Wfitur^ action of the fire, which r?tre- 
fies the air about the ignited fuel i fmd the rar^e4 
siir becqn^^g i^pecific^Uj lighter, ascends into the 
chimQeyn whiH th^ colder, fipd consequently hea- 
vier air, is forced by the atmosphere to enter at ^hc^ 
Iqwef p^r^ qf the f^rnJ^cc. Some furnaces are sup- 
plied yi\th ^ by means of bellows ; and thos^ are 
applied fa? fo^-ging iron, qr for reducing metals 
from the fir?, which is called melting. Hence the 
f^maces derive their various names, and are called 
simple J or open Jurnqces^ reverberator^ Jurnaces, 
ivindi or aiv Jurmces, blast JumaceSy Jbrges^ smelt'- 
ing Jurn(ju:esy ^c. 

A very useful kind of furnace, for many pur- 
poseSj( is that invented by Dr. Black, of Edinburgh, 
represented in Fig. 6. It consists of a cylindrical 
or elliptical body of sheet-iron, coated within with 
^ mixture of loam and clay. The aperture A at 
top is closed occasionally with an iron saqcer full 
of sand^ which forms a sp,nd-bath ; B is the door 
of the fire-place, and C is the ash-pit register, which 
slides so. as to admit more or less air. D is an iron 
tube which gpes into the chimney of the room, to 
c^rry off the smoke. 

Blqw-pipes are used for directing the flanie of a 
candle or lamp against any bit of ore or other sub- 
stance required to be examined. They ought to 
have a bulb upon the middle of their stem^ to 
contain the moisture that ^ formed from the breath. 
See F^g. 7. 

The blow-pipe contrived by Px. Bl^ck, of a 
conical form, represented ip f^ig. 8., is very con-i 
vemcnt; a, is the no;5zle. 

When a solid substauce, va pQwder or pthea:wise^ 
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is left for a cwtftin time m a fluid, and the miitaM 
is kept exposed to a slow degree of heat^ the {ff€M 
cess is called digestion. 

When one substancei whic^ has aa ttfliidty to 
another, is miited with as much of iMi ether 
substance as its affinity ^1 enable it to hold in 
combination, then the former si^stance is said to 
be saturated^ or the inixture to hare attakied the 
point of saturation. If the ttAxtat^ contain n 
greater proportion of either substance, then that 
mixture is said to contain an ^^a^ at iU er to bsi 
surcharged. The same thing inuit be undeirstdod 
of the compounds of more than two substances* 

The Sty way of perfbrming chemical operations 
is when strong degrees of lieat are used, and the 
humid w(njf is when fluid sdvents are used. 

Comhmtion is when a body is burned with the 
assistance of respirable ain 

deflagration is whet the combustion is attended 
with little explosions or cracklings. 

Detonation is a pretty loud report. 

OF THE NOMENCLATUaE OP CHEMISTRY* 

One of the chief improvementa which have luMm 
made in modern chemistry has been the invention 
of names for the compound substances, which esti 
press the elements which enter into their comptlh 
sition, as well as the proportions in which thoi^ 
elements are combined. By this the memory ie 
much assisted, in recollecting the nature of tbd 
great variety of substances, and to which the luai*;; 
cient chemists gave arbitrary and frequently uitep- 
propriate appellations. 

When the simple substances^ Q^yg^^t chlorine, 
and iodmei which are supporters of combus^ioB^ 
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20 NOMENCLATURE OF CHEMISTRY. 

enter into combination with each other, or with the 
other elementary bodies, they form combinations 
that are divided into two classes. In one class the 
substances are not acid, and their names have their 
termination in ide, as oa:ide of chlorine, oa:ide of 
nitrogen, chioride of sulphur, iodide of iron, &c. 
When these supporters of combustion enter into 
combination with a body in more than one propor- 
tion forming oxides, the terminations, oi^ and «c, 
are employed. Thus nitrogen, with the smallest 
proportion of oxygen, forms the nitrous oxide j 
and, with a large proportion, it makes the nitric 
oxide. 

When the metals combine with oxygen in one 
proportion only, the compounds are called simply 
oxides of the metals. Formerly the compound of 
a metal with oxygen was called a calv, as the calx 
of tin, now the oxide of tin; and the process of 
combining a metal with oxygen was called calcinU" 
Hon, now oxigenation. 

Sometimes oxygen can enter into combination 
with a metal so as to form oxides in more than one 
proportion, and then a syllable is prefixed to the 
term oxide to denote that proportion j the smallest 
quantity of oxygen forms the protoxide of the me- 
tal, the second quantity of oxygen makes the 
deutoxide, and the third, the tritoxide ; and, far- 
ther, the term peroxide is applied to that oxide of 
the metal that contains the greatest proportion of 
oxygen with which it is known to combine. The 
same syllables are prefixed to chlorides and io- 
dides. 

An oxide combined with water is called a 
hydrat. 

When an addVA formed by the union of a simple 
body with oxygen, it derives its name from that 
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body ; as the sulphuric acid, which is formed of 
sulphur and oxygen; the carbonic acid, which is 
formed of carbon and oxygen. 

Sometimes oxygen will unite in several propor- 
tions with a simple body, so as to form different; 
acids ; then the acid which is the most oxygen-^ 
ated, has its termination in ic ; and that which is 
the least oxygenated, in oics. thus sulphur forms 
two acids j when it unites to the least proportion 
of oxygen capable of making an acid, it forms the 
sulphureous acid, and with a larger proportion of 
oxygen it makes the sulphuric acid. 

Hydrogen, like oxygen, combines with a certain* 
number of simple substances, and with them forms 
compounds, some of which are acid, and others 
are not. To distinguish the acids formed by hy^ 
drogen, from those formed by oxygen, the former 
are designated by the word hydro, as the hydro^ 
chloric acidj hydrofluoric acid. 

Products not acid, formed by hydrogen and a 
simple substance, if solid, are caEed hydruret : if 
gaseous, the name of the simple substance termin- 
ated in ed is prefixed to that of hydrogen gas j 
as carburettedy or phosphoretted hydrogen gas. 

When chlorine, sulphur, phosphorus, and carbon, 
unite to each other, or to another simple body, 
the compound has also its termination in uret, 
as chloruret of phosphorus, and of iron, sulphuret 
of iodine, phosphuret of lime, carburet of iron, &c. 
Neutral salts, or substances produced by the union 
of acids and alkalis, are denominated from the 
names of the acids and alkalis of which they are 
composed. The salts produced by the acid whose 
names end in ous have their terminations in ite; 
thus sulphurous acid and potash form sulphite oi 
potash : salts produced by acids ending in ic have 
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ifceir i^rmmii0n in at^ • thus sulphuiiq acid and 
j^^tmh f^vtt^ wlphafe of potB'Shj and 6o of all the 
rest. 

The t0rm3i bUsulpbureti bi-phosphoret, bi-3ul^ 
pbt^s 3^a denote that these compounds contain 
twio^ as much sulphur, phosphorus, sulphuric 
ac^idi iiQp m the sulphureti phosphoret, sulphate, &o, 

CALORIC* 

CaxowCi or the matter of heat, is generally con- 
sidered as a peculiar elementary ^ub3tance. It 
cojunpt be ascertained to have any weight, a body 
when heated not being heavier than before, 

A distinction is made between caloric, or the 
matter of heat, and the word heat when considered 
a^ a $€nsaiion» The sensation of heat, or sensible 
h^af^ i» the effect produced upon our organs by the 
motion of caloric disengaged from the surrounding 
bodies. When w^ touch a cold substance, the 
caloric, which exists in unequal quantities in dif^ 
ferent bodies, but which always tends to be in equi- 
Ubrio in all bodies, passes out of the hand into the 
body, which feels cold, because at the time there 
was less free Caloric in the substance than in the 
hand f and as we have lost heat, we feel the sensa- 
tion of cold: cold being, not any thing positive, but 
iherely the want of heat. The contrary happens 
when we touch a warm body ; the caloric then in 
passing into the hand, gives the sensation of 
warmth. If the hand and the body touched be of 
the same temperature, or very nearly so, we re- 
ceive no impression either of heat or cold, because 
there is no motion of caloric. 

Byjree catoric, we mean that which is not com- 
bined with any other body. But, as caloric has a 
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V6fy siibtig tettdfettcy to cWflbittalidfl, we *1^ Hot 
abl6 td pr6Cnr6 it in that State. 

Cdmhined cdldtic iis that which is fiiied in bodi«« 
by affittity ot dectivfe atti^ctibh, so a^ to form 
pistrt of their cionstitutiofi. By the ekpTtokioti ^. 
i^ic oai&rixi of bodies^ w« im^erstand the fesfiectivt 
qusmtities of o^orie rec|uislte for raising bodies of 
tho same weight to an equal d^ree <tf tempen^re^ ^ 
TMs pro^rtional quantity of caloric is tlvought to 
depend upon the distance brtwt^n the eonBtti^ 
tuent particles of bodies^ and their greater or lesri 
degreed of cohi»ion \ and this diBtance» or rather 
the spa(^e or vmd resulting from it» is csHecl the co- 
pa^i^^bodtesforhMt, 

Heat has the property of expanding bodiesi of 
increasing their bulk* This may be oteierved by 
ifitting i piece <tf' iron to an iron ring so te juit tp 
fill it : then if the iroti be heated in the fire^ it WiU 
be found that it has become too large^ to pass 
through the ring ^ but when cooled, it cobteactai 
to the same size as before. Some metids wiQ eas^ 
pand m6re than Others^ 

It is supposed that ibp caloric forces itself be^ 
tween the particles of bodies so as to separate 
them* In acting tbus» it is iti direct oppositioti to 
the attraction of cohesion^ which ke^s ^them 
together^ • 

fluids Also expand by heU. Put W^ter into a 
very small glass tube with ^ bulb, and apply bstA 
to the bulb i the Witter will be seen to expalid And 
ffll more of the tube i as it cobla, it will eontrabt 
again. 

Oases also increase in volumei l^ increase of 
temperature. Tie the neck of a bladder tight ) 
when it is almost empty, lay it before the fire ; the 
included air will eatpand, md the bladder will swell 
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and appear full, but will return to its former state 
by withdrawing it from the fire. From this pro- 
perty of matter in expanding by heat, the therm-' 
meter becomes a measure of the heat in bodies. 

Every body, therefore, whether solid, liquid, or 
gaseous, is augmented in all its dimensions, by an 
increase of sensible heat : and on the contrary, all 
bodies contract by an abstraction of caloric. We 
are still very far from being able to produce the 
degree of absolute cold, or total deprivation of 
heat; hence, we are incapable of causing the ulti- 
mate particles of bodies to touch each other. 

It^may be supposed, since the particles of bodies 
are thus constantly impelled by heat to separate 
frx>m each other, that they would have no con- 
nexion between themselves ; and that, of conse^ 
quence, there could be no solid body, unless the 
particles were held together by some power which 
tended to unite iktm : this power is the attraction 
of cohesion. / Thus, the particles of all bodies 
may be considered as subject to the action. of two 
opposite powers, repulsion and attractton^ between 
wldch they remain in equilibrio. So long as the 
attractive force Remains strongest, the body must 
continue in a state of solidity ; but if, on the con- 
trary, heat has so far removed these particles from 
each other, as to place them beyond the sphere of 
attraction, they lose the cohesion they had before 
wkh each other, and the body ceases to be solid. 

Water gives us a regular and constant example 
of these facts. ^ Whilst below 29,^ it remains solid, 
and is called ice. Above that degree of temper- 
ature, its particles being no longer held together by 
reciprocal attraction, it becomes liquid j and when 
we raise its temperature above 212®, its particles 
giving way to repulsion caused by the heat, assume 
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the state of mpour or gas, and the water is 
changed into an aeriform fluid. 

The same may be aflSrmed of all bodies in na- 
ture. They are either solid, or liquid, or in the 
state of elastic aeriform vapour, according to the 
proportion which takes place between the attrac- 
tive force inherent in theu: particles, and the re- 
pulsive power of heat acting on them ; or, what 
amounts to the same thing, in proportion to the 
degrees of heat to which they are exposed. But 
were there no other cause affecting the solidity of 
bodies except the powers of attraction and repul- 
sion, they would become liquid at an indivisible 
degree of the thermometer, and would almost in- 
stantaneously pass from the solid state of aggreg- 
ation to that of aeriform elasticity. Thus water, 
for instance, at the very instant when it ceases to 
be ice, would begin to boil, and would be trans- 
formed into an aeriform fluid, having its particles 
scattered indefinitely through the surrounding 
space. That this does not happen, must depend, 
upon the action of some third power* The prejs- 
sure of the atmosphere prevents this separation, 
and causes the water to remain in the liquid state 
until raised to the temperature indicated by 212® ; 
the quantities of caloric, which it receives in the 
lower temperatures, being insufficient to overcome 
the {»*essure of the atmosphere. 

Whence it appears, that, without this atmos- 
pheric pressure, we should not have any permanent 
liquid; and should only see bodies in that state in 
the very instant of melting ; for the smallest addi- 
tion of caloric would then instantly separate the 
particles, and dissipate them through the surround 
ing medium. Besides, without this atmospheric 
pressure, we should not even have any proper a^i- 
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fdTtn fluids} because tfee fbttje of attractibti 
would be overcome by th6 repulsive pd'^&t of 
caloric j and the particles of bodies would separate 
themselves indefinitely, having nothing to give 
limits to their expansion, unless their own gravity 
might collect them together so as to fbrm an 
atmosphere. 

It may be admitted, therefore, as a gettetsd prin^ 
ciple, that almost every body in nature is suscep- 
tible of three several states of existence^ ^offrf, 
UqtUdf and ojeriform ; and that these states depend 
upon the quantity of caloric combined with the 
body. 

The elastic aeriform fluids ^e e)cpressed by the 
generic name ofgAs ; and in each spedes.^gas, 
a distinction is made between the caloric, whieh^ 
in some measure^ serves the purpose of a solvent, 
and the substance which, in combination with the 
caloric, forms the bttse of the gas. Thus water, 
united to a sufficient quantity of caloric, is called 
aqueQUs gas ; ammoniac saturated with caloric, ii 
ealkd ammoniacal gas^ &c« 

Caloric, when free, appears to move in the fbmi 
of rays, and to be capable of being reflected in the 
same manner as light. The calorific part of the 
solar rays, or those which occai^on heat, are cOtt^ 
densed by a lens, ora mirror, as well as those which 
produce light ; and the rays of heat fh)m any bump- 
ing body, or even of a body heated, although not 
in a state of combustion, are thrown c^in a radiat# 
ing manner. If two polished metallio mirrors be 
placed opposite to each other, at several feet dis^ 
tance, and if a pan of burning coals, or a heated 
piece of iron, be held in the focus of ohe of them, a 
thermometer placed in the focus of the opposite 
one, will be immediately afihoted as if it bad been 



Digitized by 



Google 



held elos^ to the heated matter ; Md this \i^l be 
the case, even if the heated body is not luminous or 
incandescent, as hot water, for instance j so that the 
invisible rays of heat also are reflected like those of 
light. The chief part of the heat received from a 
common fire is in the form of radiant heat ) and 
whatever kind of construction will most promote 
the reflection of radiant heat into the room, will be 
the most advantageous form of the chimney* It is 
upon this principle that the grates introduced into 
common use by Count Rumford are so much pre* 
ferable to all others. 

The eflfedt of the solar rays upon bodies differs 
much according to their colour ; black and dark 
qolotired bodies are more heated than white ones i 
the latter throwing off the rays, while the former 
absorb them. For this reason, black clothes are 
mQV0 heated by the sun than white ones. Polished 
surfaces, also, which reflect best, do not absorb so 
much heat as rough surfaces. 

The boHmg or e^tUUtwn of liquids is a phenome* 
non which depends upon the liquid being converted 
into vapour by a certain degree of temperature i 
consequently, those liquids which assume the va» 
porous or aeriform state at the lowest temperature 
are most easily made to boil. The ebullition, or 
the uoise and motion of the liquid in boiling, is 
occasioned by small quantities of vapour being 
formed at the bottom of the vessel, which rise by 
their lightness in a globular form, and break at the 
surface. The ebullition of liquids is easier in pro^ 
portion as the pressure to which they are subjected 
is less i thus water, which boils only at 812° Fahr, 
in the air, will boil with a much less degree of heat 
in an exhausted receiver of the air pump j and it 
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will also boil with much less heat on lofty moun- 
tains than in the valleys. 

Bodies differ very much with respect to the fa- 
ciUty with which heat passes through them. Those 
which transmit caloric easily are called condtcctors 
of caloric J and, according to the power of doing 
so, they are termed good or bad Qonductors. 
Those which do not transmit heat at all, or with 
great difficulty, are called non^ondvctors. How- 
ever, it should be observed, that, perhaps, no 
substances are absolutely non-conductors j but 
liquids and gases admit the passage of caloric 
through them with such great difficulty, that, for 
practical purposes, this division is found useful. 
Liquids carry heat chiefly by transportation ; the 
part of the liquid that is heated rises to the sur- 
face, and gives place to another which is warmed 
in its turn, and so on until the whole has been 
heated. 

Many very important applications of this prin- 
ciple have been made by Count Rumford to oeco- 
nomical purposes. He showed that a stratum^ of 
confined air was one of the best modes of prevent- 
ing the escape of heat. 

The best conductors of heat are metals, and the 
best non-conductors are fluids and porous sub- 
stances. Charcoal is an excellent non-conductor. 

Heat may be excited by mere friction j and this, 
probably, was the earliest mode of obtaining it to 
procure fire. It is still practised among uncivilized 
nations. For this purpose they take two pieces of 
dry wood, one about eight or nine inches long, 
and the other piece quite flat. They cut a blunt 
point upon the first, and, pressing it upon the 
other, they whirl it round very quickly, holding it 
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between both their hands, as we do a chocolate 
mill. In a few minutes the wood takes fire. If 
the irons of the axle of a coach-wheel be left with- 
out grease or oil, they will become so hot as to set 
fire to the wheels j and accidents of this kind some-^ 
times happen. 

It is no uncommon practice in the country, for 
a blacksmith to hammer a piece of iron till it be- 
comes red hot, as a substitute for a tinder-box. 
The heat excited by the boring of a cannon is suf- 
ficient to cause water to boil. 

Heat is also produced by collision ; when a 
piece of hardened steel is struck with a flint, some 
particles of the metal are broken off, and so violent 
is the heat produced by the stroke, that they are 
rendered red hot, and melted. If the firagments 
of steel be caught upon a piece of white paper and 
examined with a microscope, they will be found to 
be spherules, and highly polished, showing that they 
had been fluid. 

No heat seems to follow from the percussion of 
liquids in soft bodies. 

The instruments for measuring heat by the ex- 
pansion of bodies are, thermometers for fluids, and 
pyrometers for solids. 

A thermometer is a hollow tube of glass, her- 
tiietically sealed, and blown at one end into the 
shape of a hollow globe, or bulb. The bulb and 
part of the tube are filled with mercury, which is 
the only fluid that expands equally. When we im- 
merse the bulb of the thermometer in a hot fluid, 
the mercury expands, and, of course, rises in the 
tube; but when we plunge it into a cold body, the 
mercury contracts, and, of course, j^/& in the tube. 
The rising of the mercury, therefore, indicates an 
increase of heat j its falling, a diminution of heat. 
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To facilitate the observation, the tube Is divided 
into a number of equal parts, called degrees, or 
there is a divided scale attached to it. 

This scale is graduated in diffferent manners by 
difibrent nations: Fahrenheit's scale is that al« 
ways used in this country. 

The standard points are obtained by freezing 
and boiling water, degrees of heat which are con- 
stantly the same in nature. The heat at which 
the mercury stands, when immersed in each, being 
marked, the distance between them is divided into 
180 parts, and 82 parts of the same size are con- 
tinued downwards, so that 32° shows the heat of 
freezing water, and 212° that of boiling water. 
Water cannot be made hotter than this in open ves- 
sels, because it then becomes converted into steamf 
or aqiteous gas. 

The mercurial thermometer, it is evident, cannot 
measure degrees of heat above that of boiling mer- 
cury, nor below that of freezing mercury j the 
former is 600°, and the latter 40° below of Fah- 
renheit's «cale. 

For greater degrees of cold, thermometers of 
spirits of wine, or essential oil, are used j and to 
measure those higher degrees of heat to which the 
thermometer cannot be applied, pyrometers are em- 
ployed. An instrument of this kind was invented 
by the late Mr. Wedge wood. It consists of two 
pieces of brass, fixed so as to form an angle, ha.ving 
the legs divided into equal parts. Pieces of baked 
clay are prepared for this scale, so as to fit the 
brass at a certain place. If then the piece of 
clay be exposed to the heat required to be ex- 
amined, it will contract in its dimensions, and, 
whei^ again applied to the brass scale, it will be 
stei% bow much it has coiitracted. JBy this the i»^ 
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tensity of the Ixeat is aacert^ned, fof the elay ^ 
which these pieces axe prepared, has the property 
of contracting regularly^ according to the d^ree 
ofheatt 

This is an exception to the general law of bo^^; 
e:;[panding by heat } the expansion of melted metal 
iq the' act of cooling is another, as likewise, the ^x- • 
pansion of water in the act of freezing. 

The greatest degrees of heat which can be raised 
have been produced by concentrating the sola? 
rays with a mirror or lens, or by supplying a blow- 
pipe with oxygen gas j or, what is still more power- 
ful, by a mixture of oxygen and hydrogen. This 
last method has been but lately employed, and pro- 
duces a far greater degree of heat than any other. 
The mixture is itself of an explosive nature, and, 
therefore, without proper precaution, exceedingly 
dangerous* The greatest degree of cold known to 
have been produced has been obtained by mixing 
snow with certain salts. The best salt for this 
purpose is muriat of lime. If this be mixed with 
dry light snow, and stirred well together, the cold 
produced will be so intense as to freeze mercury in 
a few minutes. Salt and snow also produce a great 
degree of cold. 

Evaporation, likewise, produces cold. The me- 
thod of making ice artificially in the East Indies 
depehds /upon this principle. The ice-makers at 
!3enares dig pits in large open plains, the bottom 
of which they strew with sugar-canes, or dried 
stems of maize, or Indian corn. Upon this ped 
they place a number of unglazed pans, made of so 
porous an earth that the water oozes through their 
substance. These pans are filled towards evening, 
in the winter season, with water which has been 
boiled, and are left in that situation tiU morning. 
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when more or less ice is found in them, according 
to the temperature of the air j there being more 
formed in dry and warm weather than in cloudy 
weather, though it may be colder to the human 
body. 

Every thing in this operation is calctdated to 
produce cold by evaporation ; the beds on which 
the pans are placed suffer the air to have a free 
passage to their bottoms, and the pans, constantly 
oozing out water to their external surface, are 
cooled by the evaporation of it. 

In Spain, they use a kind of earthen jars called 
buxaros, the earth of which is so porous, being 
only half baked, that the outside is kept moist by 
the water which filters through it ; and, though 
placed in the sun, the water in the jar becomes as 
cold as ice. 

It is a common practice in China, to cool wine, 
or other liquors, by wrapping a wet cloth round 
the bottle, and hanging it up in the sun. The 
water in the cloth evaporates, and thus cold is pro- 
duced. 

Ice may be produced, at any time, by the eva- 
poration of ether. Take a thin glass tube, four or 
five inches long, and about two or three eighths of 
an inch in diameter, and a two-ounce bottle of 
ether, having a tube drawn to a point, fitted to 
its neck. Pour some water into the glass tube, 
and let a stream of ether fall upon that part of 
it containing the water, which, by that means, will 
be converted into ice in a few minutes. If a thin 
spiral wire be introduced into the tube before the 
water is poured in, the ice will adhere to it, and 
may be drawn out. 
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Under Optics, the mechanical properties of light 
were considered. 

Light has considerable influence on chemical 
operations, but little is known of its real nature* 
Most generally it is considered as a certain simple 
substance, of which the chief source is the sun ; 
and it is also disengaged during the processes of 
combustion. 

The most delicate experiments have been insti* 
tuted for the purpose of discovering whether it 
has weight, but without success ; on which account 
it is reckoned among the imponderable bodies. 

There appears to be an intimate connexion be- 
tween light and heat, and they are frequently 
given out together. But although they are both 
always found in the sun's rays, yet from them 
they may be obtained separately, the invisible rays 
of heat being more refrangibible than those of 
light : see vol. i. 

Light is capable of entering in union with many 
substances, and of being again separated from 
them. This is the case in the substance called 
pyrophorus, which is made by exposing to a red 
heat in a crucible for some time, a mixture of 
pounded oyster shells and sulphur. If this sub- 
stance be then carried into the light for a few 
seconds, it will imbibe so much that it "will become 
luminous in the dark by again giving out this light,. 

Various kinds of meat, but particularly fish 
when they are beginning to putrefy, also rotten 
wood, sea-weeds, and some insects, as the glow- 
worm and lanthorn fly, have the property of shining 
in the dark. 

VOL. II. D 
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The effect of light upon vegetation is well 
known. Many flowers fdlow the course of the 
sun, and most flowers turn themselves more or less 
towards the light. Plants that grow in daricuess 
are pale and without colour, and when this is the 
case they are said to be etiolated, or blanched. 
Gardeners avail themselves of this fiict to render 
some vegetables, as celery and endive, white and 
tender* The more j^ants are exposed to the light, 
the more colour Aey acquire. Vegetables are 
not only indebted to light for their colour, biit 
their taste and odour are derived from the same 
source. From this it happens, that hot climates 
are the native countries of perfumes, odori- 
feroi^ fruits, and aromatic resins. The action of 
light on the organs of vegetables causes them to 
pour out streams of oxygen gas from the surfaces 
of their leaves, while exposed to the sun, whereas, 
on the contrary, when in the dark, they emit air 
of a noxious quality. 

Animal life seems also to be no less influenced 
by light. Birds that inhabit tropical countries 
have much brighter plumage than those of the 
iWrth. Animals in general seem to droop when 
deprived of light ; and no doubt it is very essential 
to the health of human beings. 

The colour of metallic oxides is changed by the 
action of light : the yellow oxide of tungsten be- 
comes blue by exposure to light ; the white salts 
of silver become black, and green precipitate of 
iron becomes red. Some oxides of metals lose 
veight by exposure to ligJit, as the red oxide of 
mercury ; others lose their oxygen entirely, or 
become reduced, as the Oxide of gold. light, 
then, has the property of separating oxygen from 
several of the oxides. 
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Some substances when heatdd to a certain de- 
gree become luminous; iron, for instance; and 
this is what is called a red heat. 

If bodies heated to redness be introduced into a 
gas, it does not become visible, and hence it has 
beai concluded that gas is not capable of being 
made luminous: but it is now considered that 
flame is hydrogen gas in a luminous state: 

Light is also produced by percussion ; as in the 
case of a ilint and steel. The spark produced in 
lliis case is owing to the flint breaking oS a small 
fragment of the steel, which is thus rendered red 
hot, and bums during its passage through the air. 
But two pieces of* quartz struck smartly toge^ 
tfaer also give out light, although here tha*e can 
be no combustion. 

Instrument for measuring the degree or inten- 
sity of light are called photometers* 

ELECTRICITY. 

Electricity and galvanism have been already 
treated of in the first volume. The electiic fluid 
is now considered as a chemical agent of great 
importance, exciting a powerful influence in the 
decomposition of bodies. The connexion between 
electricity and chemical decompositim was first 
shown by Sir Humphry Davy, to whom the world 
is indebted fpr so many brilUant discoveries. 

There is still, however, great uncertainty and 
various opinions with rei^ect to the real nature of 
d)is influence, which is usually classed aoaong the 
impmiderable elementary bodies, 
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OXYGEN. 



Oxygen is an elementary body that cannot be 
procured in a separate or free state, that is, it cannot 
be detached from the other bodies with which it is: 
always combined. 

Oxygen gas is so called from two Greek words, 
signifying the generator of acidSy because it was 
considered by Lavoisier as the only acidifying 
principle. It has been called also pure or vital air. 

About one fourth of the atmosphere consists of 
this gas, and it is essential to respiration and animal 
life. It is the most powerful and general supporter 
of combustion ; and by its union with other bodies, 
it forms most of the acids. Oxygen gas may be 
easily procured by several processes. 

1. It is obtained in the greatest purity from 
oxy-muriate of potash. Put some of this salt into 
a small glass retort, place the neck under the shelf 
of the pneumatic trough, and apply the heat of a 
lamp to the retort. The salts will soon melt and 
boil, when oxygen gas will come over in great 
abundance. 

2. Black oxide of manganese is usually employed 
for furnishing this gas, as it affords it at a cheaper 
rate. Procure an iron retort made for the purpose, 
fill it with the oxide, fit a conducting tube to it, 
and place the retort between the bars of a grate 
which contains a good fire. Keep up the heat 
until the retort becomes red hot, and the gas will 
be received in the pneCimatic apparatus. Or it 
may be made from oxide of manganese, put into a 
glass retort, with half its weight of strong sulphuric 
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acid. It may be likewise obtained in great quan- 
tity from nitrat of potass (salt petre) in an earthen 
retort exposed to a strong fire ; also from the red 
oxide of lead, heated with or without sulphuric acid. 

Having procured a sufficient quantity of this 
gas in separate vessels, its properties may be easily 
examined. 

It will be found that water does not absorb it ; 
for if some of it be agitated in a small vial half filled - 
with water, and again immersed into, the trough, 
it will not be diminished in quantity ; nor will the 
water rise in an inverted vessel of this gas, if left 
on the shelf of the trough for a day. 

Oxygen gas is eminently calculated to support 
the combustion of bodies. Plunge a lighted taper 
fixed to an iron wire, or a lighted splinter of woocl, 
and the combustion will proceed with a splendour 
much encreased. 

The flame of a lamp urged by a stream of oxygen 
gas, instead of common air, excites a heat more 
intense than the hottest furnace. 

Even the metals which are not easily combustible 
in common air burn in oxygen gas with great readi- 
ness. Iron or steel wire bums in a very striking 
manner. It should be kindled by having a small 
bit of wood fastened to the point ; the combustion 
of this will communicate to the steel wire, which 
will continue to bum. The fused drops of iron 
that fall down, when examined, will be found to be 
no longer malleable, but brittle and converted into 
the aside of iron. The same change will take 
place when the other metals are burnt in this gas. 

If a piece of charcoal, fixed to an iron wire, be 
lighted by a blow pipe, and put into ajar of oxygen 
gas, it will bum with a brilliant light, and throw 
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out numerous sparks, exhibiting a verj beautiful 
appearance* Here the combustion produces a 
combination of the oxygen with the carbon of the 
charcoal, and the result is carbonic acid^ 

A small bit of phosphorus, put into a copper 
spoon, bums in this gas with a light intensely 
bright. It is necessary to inform the young prac- 
titioner, that this experiment must be made with 
great caution. The phosphorus must be cut under 
water, and the piece employed must not exceed 
half the size of a small pea. The glass jar, in 
which the combustion is made, is not unfrequently 
broken by the heat. The result of this combusticm 
is the phosphoric acid, from the combination of the 
phosphorus with the oxygen. 

In all these cases, if the products, of the com- 
bustions be carefully weighed, it will be found tp ei^- 
ceed that of the substances burned, and the oxygepi 
will be diminished, which shows they have ab- 
sorbed a quantity of the oxygen em|)loy^d. But 
this is still further proved, because the oxygen 
may be extracted from these newly-formed com- 
pounds, and the original bodies will be thus made 
to rer^pear. 

If t^e metal potassium, or sodium, be burned in 
oxygen, they form, by their union with it, the alka- 
lis, potass and soda ; so that oxygen is not only an 
acidifying^ but an eUkaUdng principle^ 

Oxygen appears to be connected with the cause 
of the red colour in blood, for if dark coloured 
blood be put into a phial of oxygen gas and shaken» 
Ih^ blood will assume a bright red cplpur. 



Digitized by 



Google 



39 



NITROGEN. 



Nitrogen ga9 is so called, because its base 
forms nitric acid by its unioil with oxygen. It was 
by Lavoisier named azotic gas, and its base azi>tef 
from a Greek word signifying without Ufe, because 
it is entirely destructive to animal life. 

This, also, though a very abundant principle^ 
oaiuiot be exhibited in a free or uncombined state. 

In the state of gas, it forms a considerable part 
of our atmosphere ; in the solid state it enters into 
the composition of animal and vegetable bodies, 
nitric add, and ammonia. It is incapable of sup- 
porting combustion or animal life. It is not ab* 
sorbed by water, and it has no acid properties. 

It may be obtained by separating the oxygen 
from a portion of the atmospheric air ^ the residue 
will be nitrogen. This is done by exposing a cer- 
tain quantity of atmospheric air to sulphuxet of 
potass, which absorbs the oxygen^ leaving the 
nitrogen free. 

It may be ats^ obtained by treating muscular 
flesh, (as lean veal) with nitxous acid in a retort ; the 
fleeh is decomposed, and the nitrogen set at liberty. 

That it does not maintain combustioii, and 15 faiaj 
to animal life, may be poved by plunging a lighted 
taper into a vessel filled with this gas, the taper will 
be immediately extinguished. If a small animalt 
as a mouse, or a bird, be immersed in it, it im- 
mediately dies. 
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COMBINATIONS OF OXYGEN AND NITROGEN. 

Nitrogen and oxygen unite together in four 
different proportions : 

1. Nitrous oxide> in which the oxygen is but 
half the volume of the nitrc^en. 

2. Nitric oxide, in which the volumes of oxygen 
arid nitrogen are equal. 

3. Nitrous acid, in which the volume of oxygen 
is twice the volume of nitrogen. 

4. Nitric acid, in which the oxygen is two and a 
half times the volume of nitrogen. 

-^ Nitrom oa:ide. This gaseous compound, called 
also the gaseous oxide of nitrogen^ or the gaseous 
oxide of azote, was first discovered by Dr. Priestley ; 
but it is to Sir Humphry Davy that we owe a 
thorough knowledge of its properties. 

Nitroils oxide is a permanent gas. A candle bums 
in it with a brilliant flame and crackling noise; be- 
fore its extinction, the white inner flame becomes 
surrounded with a blue one. Phosphorus intro- 
duced into it, in a state of inflammation, burns with 
increased splendour, as in oxygen gas. 

S^ulphur, introduced into it when burning with a 
feeble blue flame, is extinguished ; but when in a 
state of vivid inflammation, it burns with a rose- 
coloured flame. Lighted charcoal burns in it more 
brilliantljr than in atmospheric air. 

Iron wire, with a small piece of wood afiixed to 
it, and iiltroduced inflamed into a vessel filled with 
this gas, burns rapidly, and throws out bright scin- 
tillating sparks. 

Nitrous oxide is rapidly absorbed by water that 
has been boiled, and a quantity of gas equal to rather 
more than half the bulk of the water may be thus 
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made to disappear ; the water acquires a sweetish 
taste, but its other properties do not differ per- 
ceptibly from common water. The whole gas 
may be expelled again by heat. 

It does not change blue vegetable colours. It 
has a sweet taste, and a faint, but agreeable odour. 

This gas explodes with hydrogen, when electric 
sparks are made to pass through the mixture. 
Animals, when confined wholly in this gas, give 
no signs of uneasiness at first j but they soon be- 
come restless, and then die. 

When it is mingled with atmospheric air, and 
then received into the lungs, it generates highly 
pleasurable sensations. The effects it produces on 
the animal system are very extraordinary ; it ex- 
cites the body to action, and rouses the faculties of 
the mind, inducing a state of great exhilaration^ 
an irresistible propensity to laughter, a rapid flow 
of ideas, and unusual vigour and fitness for muscu- 
lar exertions, in some respects resembling the senr 
sations attendant on intoxication, without any lan- 
guor or depression of spirits, or disagreeable 
feelings afterwards j but more generally followed 
by vigour and a disposition to exertion, which 
gradually subsides. 

This gas is produced when substances having a 
strong affinity with oxygen are added to nitric acid, 
or to nitrous gas. It may, therefpre, be obtained by 
various methods, in which nitrous gas or nitric acid 
is decomposed by bodies capable of attracting the 
greater part of their oxygen. The most commo- 
dious and expeditious, as well as cheapest mode 
of obtaining it, is by decomposing nitrate of ammo- 
nia by heat, in the following manner: put into a 
glass retort some pure nitrate, and apply to it 
^n Argaiid^s lamp j the salt will, aooix liquify, and 
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when it begins to boil, gas will be evolved* Increase 
tbe heat graduaUy, till the body and neck of the 
retort become filled with a milky white vapour. In 
this state, the temperature of itie fused nitrate is 
between 340** and 480''. After decomposition has 
mroceeded for some minutes, so that the gas, when 
examined, quickly enlarges the flame c£ a taper, it 
may be collected over water. Care shcmld be taken^ 
during the whole process, never to suffer the tem- 
perature of the fused nitrate to rise above 500^ of 
Fahrenheit; which may be easily judged of from 
the demjity of the vapours in the retort, and from 
the quick ebullition of the fused nitrate; for if the 
heat be increased beyond this point, the vapours in 
the retort acquire a reddish and more transparent 
appearance, and the fused nitrate begins to rise, 
and occupy twice the bulk it did before. The 
nitrous oxide, after its generation, should stand 
over water for several hours; it is then fit for 
respiration or other experiments. 

The explanation of this process is as follows: 
Nitrate of ammonia consists of nitric acid and 
ammonia ; nitric acid is composed of nitrous gas 
and oxygen ; and ammonia consists of hydrogen 
and nitrogen. At a temperature of 480% the 
attractions of hydrogen for the nitrogen in the 
ammonia, and that of nitrous gaa for the oxygen 
q£ the nitric aqid, are diminished; while, on the 
contrary, the attractions of the hydrogen of the 
ammonia for the oxygen of the nitric acid, and 
that of the remaining nitrogen of the amBia^ 
Ilia for the nitrous gas of the nitric acid, are in^ 
creased; hence all the former affinities are broken^ 
and new ones produced; namely, the hydrogen of 
the ammphia attra^cts the oxygen of the nitric acid« 
the result of which is wi^er. The nitrogen of the 
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ammonia now combines with the disengaged nitrous 
gas, and forms nitrous oxyd. 

To experi^ice its e&cts in breathing it, put 
about a gallon into a large bladder, or oiled silk 
b^, having a tube attached to it, of three-fourths 
of an inch in diameter, first, the common air 
must be eis:pelled from the lungs, before the tube 
is received into the mouth, and the nostrils must be 
accurately closed with the hand* It must then be 
breathed backwards and forwards into the bag for 
a few minutes. 

Nitric Oiryde is called slsomtrousgas^ This com- 
pound of oxygen and nitrogen cannotbe obtained by 
direct ccMnbination, but by abstracting from nitric 
acid a portion of its oxygen, leaving the remainder 
in such proportion as to constitute nitric oxide. 

When pure, it is not acid, and is void of colour. 
It is incapable of supporting the combustioa of 
most bodies; nevertheless^ phosplu»rus and pyro- 
I^orus bum in it. Nitrous gas is made by putting 
ciippings or fiUngs of cc^per into a retort with 
nitric acid, diluted with thrice as much water ; red 
fumes will be given out, if the gas is suffered to 
escape into the air ; but if collected in the pneu- 
matic apparatus, the gas is colourless. In this pro- 
qqais, the met^l attracts the oxygen from the nitric 
♦«4f, 2^pd beqome^ oxyd^d ; the rest of the acid 
b^ng deprived of a great portioi^i of its oxygen, can 
no longer exist ^ acid ; it th^veikxte expands, be^ 
<?tomfisi aSrifoirm>: anid appears as nitrous gas. 

Wh^n nitroQs ga,s and Q^ygen g£^s are mixed to- 
g^hf^ ill a gUssi vessel, previously exhausted of air, 
th^y in^^ntiy unite,, and form a reddish coloured 
gap, whiqh has but half the volume of the two ^laes, 
wd which is highly acid, XW^ aew qompou^d ip 
c^dl^d nitrous acid gus^ 
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Nitrous acid gas is very easily absorbed by 
water, rendering it a green, sour liquid. 

When nitrous gas is mixed with atmospheric air, 
the same red fume appears, from the nitrous gas 
uniting to the oxygen of the atmosphere, leaving 
the nitrogen by itself. Hence this gas has been 
used for measuring the quantity of oxygen gas con- 
tained in air, and an instrument for this purpose 
has been called an Eudiometer. A tall glass tube, 
sealed at one end, is usedfor this purpose, filled with 
water, and inverted in the pneumatic apparatus. 
Send up a certain measure of the air to be examined 
into this tube, and mark the space which it occu- 
pies in the top of the tube. Then add to it a mea- 
sure of nitrous gas, and observe the degree of 
diminution. By comparing how much different 
specimens of air will be diminished by the same 
quantity of nitrous gas, the relative quantities of 
oxygen in each may be estimated. This method of 
analysing atmosphere is not considered as very cor- 
rect, and other modes are sometimes used, where 
there are fewer sources of inaccuracy. 

Nitrotis Acid. 

Considerable uncertainty prevails respecting this 
acid. The yellow coloured fuming acid, to which 
this nam^ has been given, appears to be only nitric 
acid holding nitrous gas in solution. The nitrous 
gas may be expelled from it by the application of 
heat, and then the nitric acid is left colourless. 

But if nitrous gas and oxygen gas be mixed 
together, without the access of water, by intro- 
ducing them into a vessel previously exhausted of 
air, an union takes place ; the two gases diminish 
tp half the volume, and an acid gas is produced. 
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Xbis is the nitrotis acid in a gaseous form. This 
acid gas is extremely absorbable by water, which is 
at first rendered green : then, as the absorption goes 
on, it becomes blue, and, finally, of an orange 
colour : by, adding more water, it may be brought 
back to the green colour. 

If dry nitrate of lead be distilled, an. orange- 
coloured liquid comes over j which is considered as 
nitrotcs acid nearly pure. 



Nitric Acid. 

This acid is one of those which have been longest 
known to chemists. It is so named from nitre, 
fron\ which it was procured. The corrosive acid 
called aqtca fortis is an impure and weak nitric 
acid: but it was long used before its analysis was 
known: this we owe to Cavendish. 

NitrCt called also saltpetre^ consists of this acid 
united with potass, and the process for procuring the 
acid depends upon decomposing this salt. For this 
puipose, some substance is added to the nitre that; 
has an attraction for the potass suflSciently strong to 
overcome that of the nitric acid, and, consequently, 
to allow it to be expelled by heat. Sulphuric acid 
is used for this purpose. During its expulsion, 
however, the nitric acid suffers a partial decompo-. 
sition ; for though it is nitric acid that exists in the 
salt, it is nitrous acid that condenses in the receiver 
in the form of orange fumes. This is the common 
nitrotis acid of commerce. 

To convert this into nitric acid, another process 
is necessary. By distillation, nitrous acid gas is, 
driven ofl^ leaving the nitric acid colourless. Or, 
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it is distilled on black oxide of manganese, ^hicii 
gives more oxygen to it. 

Nitric acid is extremely caustic; that is, acts 
powerfully upon animal substances. It unites with 
the alkc^s and earths ; it oxidates all the metals 
except gold and platina ; it thickens and blackens 
oils, converting them into a coal, or inflaming ' 
them, according to the nature of the oil, and the 
degree of the concentration of the acid. 

The combinations of nitric acid with different 
bases are called nitrates. 

When the nitrogen and oxygen gases are mingled 
together, they form a compound exactly resembling 
common or atmospheric air. 



Atmospheric Air 

Is, indeed, essentially composed of these two: gases: 
and its analysis m* decomposition has been one of 
the most interesting discoveries of modem che- 
mistry. It is curious that one of the ingredi- 
ents of this substance, so necessary to animal life, 
should, by itself, be highly deleterious. 

It has been completely proved, that the air of 
the atmosphere is a compound body, formed by the 
mixture of oxygen gas and nitrogen gas. The first 
is the only one of themithat Supports combustion; 
and when combustion takes place in common air, 
it is iim part that unites to the burning body, form- 
ing either an oxide or an acid. If mercury be 
heated in a given quantity of atmospheric air for 
i^Mne time, it will become changed into a red pow- 
der, which will weigh more than the mercury ; the 
air will be found to be diminished in quantity, and 
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to be no longer capable of sup{)ortii]g combiudon. 
The reason of this is, that thc5 oxygenous port of 
the air has united to the metal^ and converted it 
into an oxyde, leaving behind ornly the nitrogen* 

This decomposition of the almospheric air may 
be effected more easily by burning phosphcM*us in 
it. During the combustion of the phosphorus, it 
unites to the oxygen, and forms phosphoric acid j 
the remainder is nitrogen. 

The proportion of oxygen gas contained in a 
given quantity of atmospheric air can be ascertain* 
ed by various processes. One method is, by in- 
verting a glass tube into a soluticm of sulphuret of 
potass. This substance will absorb the oxygen 
gas, but not the nitrogen ; hence the air in the 
tube will diminish in bulk, and what remains will 
show the proportion of nitrogen; 

It was supposed by modem chemists, until latiBly, 
that oxygen was essential to combustion ; and that 
this process was, in all cases, the combinationi of 
oxygen with the combustible body; but it ihas 
been found, that there are some other substajK^^es, 
as chlorine and iodine, which have also this pro*^ 
perty of supporting combustion : it is, however, the 
oxygen that acts in all the usual combustions in 
common air. The heat and light were supposed 
to be separated from oxygen, the base of the gas, 
which became fixed in the burned body. At pre- 
sent it is maintained by some, that combusticm 
may be the consequence of intense chemical ac- ' 
tion, and need not depend upon any particular 
ccnnbination. This subject, however, remains very 
obscure. 

Air, which has been breathed, is found to bare 
lost its oxygen. This principle is retained in the 
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lungs, and is absorbed into the blood: it appears 
essentially necessary to vitality. 

An. animal can only live for a limited time in a 
given portion of air. If a mouse or a bird be con- 
fined under a glass that is closed, they will soon 
die ; a candle, also, will burn only a short time. In 
crowded rooms, wher.e there is not a free circula- 
tion of air, the oxygen is diminished by the respi- 
ration, of so many persons, and the air is rendered 
unhealthy. The lights, also, are observed to bum 
dim, and contribute much to exhaust the oxygen. 
This points out the importance of ventilating 
all kinds of apartments, but particularly public 
places. 

It has been found that in 100 parts by measure 
of atmospheric air, there are 21 parts of oxygen 
gas and 79 of nitrogen gas. 

From the property of oxygen as being essential 
to respiration and animal life, it had been thought 
that the salubrity of air must depend upon the 
quantity of oxygen which it contained ; but, al- 
though the airs of various places have been ex- 
amjned, as that of towns, prisons, the country, 
tops of hills, the ocean, &c., it appeared that the 
proportion of oxygen did not sensibly differ in them 
all. The healthiness of certain airs, therefore, 
must depend upon some other circumstances. 

Although the great mass of the atmosphere is to 
be considered as consisting of oxygen and hydro- 
•gen, yet it contains a small quantity of many other 
gases, and also water, and a variety of exhalations 
and substances dissolved in it. It always contains 
a portion of caibonic acid gas, perhaps 1 part in 
lOOOjfor alkalies become effervescent when exposed 
to it, and lime water acquires a pellicle on being 
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exposed a sufficient time to the action of the air, 
even upon the highest mountains. 

Since the oxygen of the atmosphere is coi^tinu- 
ally abstracted from it by various decomposing 
processes, it would appear that nature must have 
some mode of renewing a principle so important. 
Vegetables have been supposed to perform this 
office, since they always exhale oxygen gas in the 
day, and particularly when the sun chines. This 
circumstance may be easily observed by putting 
some leaves into an inverted tumbler of water 
placed in the sun-shine. Minute globules of air 
will be seen rising from the leaves, which, col- 
lected at the top and examined, will be found to 
be oxygen. 



HYDROGEN. 

Hydrogen is so called from two G/eek words 
signifying the generator of water j because.it is one 
of the constituent principles of this fluid. It is 
also one of the ingredients of bitumen, of oils, fat, 
ardent spirits, ether, and of all the proximate com- ^ 
ponent parts of animal and vegetable bodies : it 
forms a constituent part of all animal and vegeta>- 
ble acids : it is one of the elements of ammonia, 
and of various compound gases. 

It possesses so great an affinity for caloric, that 
it is impossible to procure it in the concrete or 
liquid state, independent of combination. Hydro- 
gen united to caloric forms hydrogen gas. 

Hydrogen gas is the lightest substance whose 
weight we are. able to to estimate; when in ittsi 
purest state it is about thirteen times lighter than 
atmospheric air. It is unfit .for respiration j ahi- . 
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nftils, when obliged to breathe in it, die almost in^ 
stantaneously. It has a peculiar and disagreeable 
smell. 

It is decomposed by living vegetables, and its 
base is one of the constituents of oil, resin, &c. 
It is highly inflammable, and burns rapidly when 
kindled in contact with atmospheric air, or oxygen 
gas, by means of the electric spark, or by an in- 
flamed body, exhibiting a blue lambent flame. 
Water absorbs about one thirteenth of its bulk. 
It dissolved carbon, sulphur, phosphorus, arsenic, 
and many other bodies. When its basis combines 
with that of oxygen gas, water is formed, and with 
nitrogen it forms ammonia. 

An easy method of obtaining hydrogen gas 
consists in subjecting water to the action of, a 
substance which is capable of decomposing this 
fluid. 

For this purpose, let sulphuric acid, diluted 
with four or five times its weight of water, be 
poured on iron filings or bits of zinc, in a small 
retort or glass bottle ; as soon as the diluted acid 
comes in contact with the metal, a violent effer- 
vescence takes place, and hydrogen gas escapes, 
without external heat being applied. It may be 
collected in the usual manner over water, taking 
care to let a certain portion escape, on account 
of the common air contained in the disengaging 
vessel. 

Hydrogen gas is often found in great abundance 
in mines and coal-pits, where it is sometimes gene- 
rated, and becomes mixed with the atmospheric air 
of these subterraneous cavities. If a lighted can- 
dle be brought into this mixture, it explodes, and 
produced the most dreadful effects. It is called by 
miners ihejftre damp. It generally forms a cloud 
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in the upper part of the mine, on account of its 
lightness, but does not mix there with atmospheric 
air, unless some agitation takes place. The miners 
frequently set fire to it with a candle, laying, at 
the same time on their faces, to escape the violence 
of the shock. An easier and safer method of 
clearing the mine is, by leading a long tube 
throtigh the shaft of it to the ash-pit of a furnace ; 
by this means the g^s will be conducted to feed 
the fire. 

Hydrogen gas, though itself inflammable, extin- 
guishes burning bodies, and is incapable of main- 
taining combustion. Bring an inverted jar filled 
with hydrogen gas over the flame of a candle, and 
depress the jar, so that the lighted wick may be 
wholly surrounded by the gas ; the candle will be 
immediately extinguished. 

Hydrogen gas is only inflammable when in con^- 
tact with atmospheric air or oxygen gas. Fill a 
small phial with hydrogen gas, and take it from 
the pneumatic trough, placing the thumb on the 
mouth thereof, to prevent the gas from escaping ; 
if a lighted taper be applied to the mouth of the 
phial, the gas will take fire, and burn with a lam- 
bent flame. The gas will only bum where it is in 
contact with the atmospheric air ; the flame will 
descend gradually, till all the gas is consumed. 

If the hydrogen gas be pure, the flame will be of 
a blue colour ; but if the gas holds any substance 
in solution, which is generally the case, the flame 
is tinged- of different colours, according to the sub- 
stance. It is usually reddish, because the gas 
holds in solution a little charcoal. 

On this principle is constructed the phiiosophicai 
candle, which cannot be easily blown out. Fill - 
with hydrogen gas a bell glass, furnished wiUi a 
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capillary tube ; compress the gas, by making the 
bell descend below the surface of the water in the 
pneumatic trough ; then apply a lighted taper to 
the upper extremity of the tube ; the gas will take 
fire, and exhibit a candle, which will burn till all 
the gas is exhausted. 

Artificial fire-works may be constructed by filling 
bladders with hydrogen gas, and connecting them 
with revolving jets, tubes, &c., bent in different 
directions, and formed into various figures pierced 
with holes of different sizes. The. air which is 
forced through these holes by pressing the blad- 
ders, will, when inflamed, exhibit a curious fire- 
work, without either noise or smoke. 

By the inflammable property of hydrogen gas, 
and the effects of electricity, a curious lamp has 
been invented by Volta, which, by turning a stop 
cock only, may instantly be lighted, and that many 
hundred times. 

Hydrogen gas burns more readily in proportion 
as it is surrounded with a larger quantity of atmos- 
pheric air. Hydrogen gas and atmospheric air, or, 
what is better, oxygen gas, may be mixed together, 
so that every particle of each gas shall be contigu- 
ous to a particle of the other, in which case they 
will bum with great rapidity. 

Into a strong bottle, capable of holding about 
four ounces of water, put one part of hydrogen 
gas and two of amospheriq air. On applying a 
lighted taper, the mixture will explode with a loud 
report, and the inside of the bottle will become 
moist. It will bie prudent to wrap a handkerchief 
round the bottle, to prevent it from doing any in- 
jury if it should burst. 

The same experiment may be made with oxygen 
gas, instead of atmospheric air, changing the pro- 
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portions, and mixing only one part of oxygen gas 
with two of hydrogen. The report will then be 
much louder than with common air. " 

This experiment may be made conveniently by 
means of an apparatus called the tTiflammable airpiS' 
toL To charge it, nothing more is necessary than to 
introduce its mouth inverted into a wide-mouthed 
bottle, filled with a mixture of oxygen and hydro- 
gen gas, leaving it in for a few seconds ; it is then 
to be stopped with a cork, and may be fired by the 
electrical spark taken from the prime conductor of 
the machine, or by a charged Leyden phial. 

* It has been, with great plausibiUty, conjectured, 
that the noise of thunder is the effect of the rapid 
combustion of hydrogen and oxygen gas, fired by 
the electric spark ; and that the rain which falls so 
cx>piously at the time of thunder-storms, is owing 
to a sudden formation of water by this means. 

From its lightness, it has b^en employed for 
making air-balloons, which have been already de- 
scribed. 

Soap bubbles, filled with hydrogen gas, ascend 
in the air. To show this, fill a bladder with hydro- 
gen gas, and fasten it to a tobacco-pipe j dip the 
bowl of the pipe into a lather of soap, squeeze the 
bladder gently, in order to form a bubble, and de- 
tach . it in the usual manner. These bubbles will 
rise rapidly into the air : if a lighted taper be pre- 
sented to them, they catch fire and burn with a 
slight explosion. 

If the bladder be filled with a mixture of hydro- 
gen and common air, the soap-bubbles will ascend, 
and wheii the taper is presented to them they will 
explode with a loud report. This experiment is 
more striking if oxygen gas be mixed with 
hydrogen. If the bladder h% squeezed so as to 
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form a great many bubbles on the surface of the 
bason/the report will be as loud as that of a caniioQ. 

It has lately been discovered, that hydrogen, like 
oxygen, is an acidifying principle. United to chlo- 
rine, it forms hydro-chloric acid, which is the same 
ks muriatic acid. Combined with iodine, it forms 
hydriodic acid. 

When hydrogen gas is united to sulphur, it 
forms sulphureted hydrogen, which has also the 
properties of an acid. Tellureted hydrogen has 
also acid properties. 

Hydrogen and Orygen. 

It has been already mentioned, that these two 
elements, when combined, form tiDater. 

Till lately, water was considered as a simple sub- 
stance, or element ; no one had ever been able to 
decompose it ; and the decomposition of it, which 
is daily effected in natural processes, had escaped 
observation. We shall, however, give such evi- 
dent proofs of the decomposition and recompo- 
sition of water, as will clearly show that it is not a 
simple body. 

Experiment I. — A tube of common glass E F 
(Plate 2. fig. 70> well annealed, and difficult to be 
fused, about ten or eleven lines diameter, was 
placed across a furnace C F E D, in a position 
somewhat inclined ; and to its upper extremity was 
adapted a glass retort A, containing a known quan- 
tity of distilled water, and resting on a furnace 
V V. To the lower extremity of the glass tube F 
was applied a worm S S, connected with the dou« 
blcptubulated flask H, and to the other tubulure 
was adapted a bent glass tube K K, destined to con- 
vey the gas to an apparatus proper for determining 
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the qti^ty and quantity of iU When the whole 
was^thus arranged, a fire was kindled in the fur- 
nace C F E D, and maintained in such a manner, 
as to briag the glass tube E F to a red heat, but 
without fusing it ; at the same time as much fire 
was maintained in the furnace VVXX, as to 
keep the water in the retort A in a continual state 
ef ebullition. 

In proportion as the water in the retort A as- 
sumed the state of vapoiur by ebullition, it filled 
the interior part of the tube E F, and expelled the 
atmospheric air which was evacuated by the worm 
S S, and the tube K K. The steam of the water 
was afterwards condensed by cooling in the worm 
S S, and fell drop by drop, in the state of water, 
into the tubulated flask H. When the whole 6f 
the water in the retort A Was evaporated, and the 
liquor in the vessels had been suffered to drain off 
completely, there was found in the flask H a quan- 
tity of water, exactly equal to that which was in 
the retort A, and there had been no disengage- 
ment of any gas ; so that this operation was merely 
a common distillation, which gave absolutely the 
same result as if the water had never been brought 
to a state of incandescence, in passing through the 
glass tube E F. 

Experiment II. — Every thing being arranged as 
in the preceding experiment, twenty-eight grains 
of charcoal reduced to particles of a moderate sizp, 
and which had been previously exposed for a long 
time to a white heat in close vessels, were intro- 
duced into the glass tube E F, The operation was 
then conducted as before, and the water in the re- 
tort A kept in a continual state of ebullition, till it 
was totally evaporated* 

The water in the retort A was distilled as in the 
E 4 
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preceding experiment, and being condensed in the 
worm S S, had fallen drop by drop into the flask 
H ; but at the same time there had been disen- 
gaged a considerable quantity of gas, which escaped 
through the tube K K, and was collected in a pro- 
per apparatus. When the operation was finished, 
there was found nothing in the tube E F but a few 
ashes, and the twenty-eight grains of charcoal had 
totally disappeared. 

The gases disengaged were found to weigh alto- 
gether IIS.7 grains. There were found two dif- 
ferent kinds of gas, viz. 114 cubic inches of 
carbonic acid gas, weighing 100 grains, and 380 
cubic inches of a very light gas, weighing 13.7 
grains. This last gas took fire, on being applied 
to a lighted body in contact with the air. In ex- 
amining afterwards the weight of the water which 
had passed into the flask, it was found less than 
that in the retort A by 85.7 grains. In this ex- 
periment, therefore, 85.7 grains of water and 28 
grains of charcoal formed carbonic acid gas equal 
to 100 grains, and a peculiar gas susceptible of in- 
flammation, equal to 13.7 grains. To form 100 
grains of carbonic acid gas, JQ grains of oxygen 
must be united to 28 grains of charcoal or carbon. 
The 28 grains of charcoal put into the glass-tube 
E F, took, therefore, from the water, 72 grains of 
oxygen, since there was formed carbonic acid equal 
to 100 grains. It appears, then, that 85-7 grains 
of water are composed of 72 grains of oxygen, and 
13.7 grains of a substance forming the base of a 
gas susceptible of inflammation. The following is 
a proof of it. 

The apparatus being arranged as above, instead 
of the 28 grains of charcoal, 274 grains of thin 
shavings of iron, rolled up in a spiral form, were 
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introduced into the tube E F ; the tube was then 
brought to a red heat as before ; and, in the same 
manner, the whole of the water in the retort A was 
made to evaporate. 

In this experiment there was disengaged only 
one kind of gas, which was inflammable ; there was 
obtained of it about 406 cubic inches, weighing 15 
grains. 

The 274 grains of iron put into the tube E F 
were found to weigh 85 grains above what they did 
when introduced; and the water first employed 
was diminished 100 grains. 

The volume of these iron shavings was found to 
be greatly enlarged. The iron was scarcely any 
longer susceptible of attraction by the magnet ; it 
dissolved without effervescence in acids ; in a word, 
it was in the state of a black oxyd, like that which 
has been burned in oxygen gas. 

In this experiment there was a real oxydation 
of the iron by the water, entirely similar to that 
effected in the air by the aid of heat. 100 grains 
of water were decomposed ; and of these 100 
grains, 85 united to the iron, to reduce it to the 
state of black oxyd ; these 85 grains, therefore, 
consisted of oxygen ; the remaining 15 grains, 
combined with caloric, formed inflammable 'gas. 
It iJience follows, that water is composed of oxygen 
and the base inflammable gas, in the proportion of 
85 to 15, or of 17 to 3. 

If it be true, as we have endeavoured to prove, 
that water is composed of hydrogen combined with 
oxygen, it thence results, that, by re-uniting these 
principles, water ought to be produced. This, in- 
deed, is what takes place when, into a vessel filled 
with oxygen, a stream of hydrogen is introduced 
and set fire to. 
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In proportion as the combustion proceeds, water is 
deposited in the internal surface of the vessel ; the 
quantity of this water gradually increases, and it 
unites itself intolarge drops, which run down the sides 
of the vessel, and are collected in the bottom of it. 

In making this experiment, proper means were 
taken to asce!rtain the weight of the gases em- 
ployed. Before the experiment, the vessel was 
weighed ; and, by weighing it after the operation, 
the weight of the water that had been formed was 
obtained. Here, then, is a double proof; on the 
one hand, the weight of each of the gases em- 
ployed ; and, on the other, the weight of the water 
formed ; and these two quantities were found to 
be equal within a two hundredth part. It was thus 
found that 85 parts by weight of oxygen, and 15 
parts also by weight of hydrogen, are required to 
compose 100 parts of water. 

These phenomena of the decomposition and 
recompositioh of water are continually effected be- 
fore our eyes, by the temperature of the atmos- 
phere, and the agency of compound affinities. It 
is this decomposition which gives rise, at least in a 
certain degree, to the phenomena of spirituous fer- 
mentation, to those of putrefaction, and to those 
of vegetation. 

Pure water is perfectly transparent, and has no 
taste nor smell. It is not liaWe to change. It can 
absorb a variety of gases ; and when exposed to 
tlie atmosphere, it always contains a small quantity 
of common air, which may be separated by boiling, 
or by the air-puulp. Rain-water is the purest which 
we see in nature ; but, for delicate chemical pro- 
cesses, it is distilled in glass vessels. Spring- water 
generally holds some salts in solution, which gives ^ 
it various properties. 
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Hydrogen gas combines with several simple 
bodies, constituting, with them, peculiar and dis- 
tinct gases. 

Hydrogen and Carbon. 

Hydrogen gas unites to carbon, and forms, with 
it. Hydro-carbonate gas. Of this there are two 
kinds, according to the quantity of carbon which 
they contain. 

Light Hydro-Carbonate. — This is frequently 
seen rising from stagnant ponds, when stirred. It 
may also be procured by passing the vapour of 
water over red hot charcoal. It bums with a pale 
blue flame. It is also called Light carbureted Hy-^ 
drogen. It is contained very abundantly in 
many coal mines, where it is disengaged from 
fissures in the strata, often in great quantities; 
which are called by the miners blowers. When it 
has accumulated in any part of the mine, it forms 
an explosive compound, by its admixture with the 
common air : and when the miners approach it with 
lighted candles or lamps, it inflames with a tre- 
mendous explosion, killing the workmen and de- 
stroying the works. Indeed, nothing can be more 
terrible than such accidents; and there is reason 
to think that they have happened more frequently 
vthan is generally known. The body of miners are, 
therefore, infinitely indebted to Sir Humphry 
Davy for his invention of the Safety-lamp^ an in- 
strument which they can carry lighted into an ex- 
plosive mixture, without any danger of setting fire 
to it. This gas is called the Fire-damp by the 
miners. 

Bi'Carbureted Hydrogen. — This gas contains 
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twice as much carbon as the last* It is heavier 
than it, and is also called the Heavy hydro-car-* 
bonate. It burns with a bright white flame, like 
that of the best wa^ candles. It has been called 
the olefiant gaSy becs^se, when mixed with chlo- 
rine in an exhausted vessel, or over water, a pe- 
culiar fluid was formed, resembling a thick oil, but 
which has been termed by Dr. Thomson, Chloric 
ether. 

Bi-carbureted hydrogen may be procured by 
heating, in a retort, four npaits of sulphuric and 
of one alkohol ; when the mixture boils tlie gas 
comes over. 

Gas Illumination. — The carbureted hydrogen 
gases are now extensively employed for .the pur- 
pose of giving light. When coal is put into an 
iron retort placed in a furnaccj^ an inflammable gus 
is given out, which is a mixture of the two above- 
mentioned species of hydro-carbonate, together 
with small quantities of carbonic acid gas, car- 
bonic oxide, sulphureted hydrogen, tar, ammonia, 
and water. These last substances are separated 
by passing the gas through a mixture of quicklime 
and water; and the purified gas then passes into 
the gasometer^ from which it is distributed by 
means of pipes. The coal that has been thus acted 
upon, being deprived of its volatile principle, is con- 
verted into coke. 

The kind of coal, fittest for the production of 
good gas, is that which contains most bitumen and 
least sulphur. 

Messrs. J. and P. Taylor have lately taken out a 
patent for the production of carbureted hydrogen 
gas from oil. The oil is decomposed by suffering 
it to drop into a bent iron tube, laid through a. 
furnace. The oil is separated into charcoal and 



Digitized by 



Google 



SULPHURETED HYDROGEN OAS. 61 

bi-carbureted hydrogen, the flame of which much 
exceeds in whiteness and brilliancy that of coal 
gas, which is a mixture of the two species of hydro- 
carbonates. Another material advantage in the use 
of the oil gas is, that it is not mixed with the impu- 
rities of coal gas, many of which are highly inju- 
rious to health, and to the furniture of houses. 
From experiments it appears that the coal gas does 
not contain above 10 per cent, of bi-carbureted 
hydrogen; while the oil gas consists almost entirely 
of it. 

Sulphureted Hydrogen Gas. 

This is a combination of hydrogen gas with sul- 
phur. It has an extremely fetid odour. It is in- 
flammable. It cannot support life nor combustion : 
indeed, it is highly deleterious. Water can absorb 
it, and acquires its peculiar smell. The mineral 
waters of Harrowgate and Aix-la-Chapelle owe 
their properties chiefly to this gas. 

Sulphureted hydrogen gas has the property of 
causing metallic oxides to re-approach the metallic 
state ; the hydrogen of the gas attracting the oxy- 
gen. If a piece of paper, dipped in a solution of 
acetite of lead, be exposed to this gas, it instantly 
becomes blackened. If letters be written with the 
solution of lead, they will be invisible when dry, 
but will become black on exposing them to sul- 
phureted hydrogen. 

It has also acid properties. It unites with thfe 
alkalis and the earths, forming compounds called 
HydrO'Sulphurets. 

This gas affords an exception to the doctrine of 
Lavoisier, that oxygen was the only acidifying prin- 
ciple J for in it there is no oxygen, yet it performs 
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the most important functions of an acid, reddening 
vegetable blues, and combining with alkalis. The 
hydro-sulphurets are formed by passing a stream of 
this gas through solutions of the alkalis. 



Phosphorated Hydrogen Gas. 

This gas consists of hydrogen and phosphorus* 
It is so combustible that it inflames by mere con- 
tact of atmospheric air. It has a very disagreeable 
smell, like that of putrid fish. 

To procure it artificially, put one part of phos- 
phorus and ten of a concentrated solution of potass, 
into a glass retort, and apply a gentle heat. When 
the mixture boils, the gas will come over, and may 
be collected in the pneumatic apparatus. 

In preparing this gas, the body of the retort 
should be filled as nearly as possible with the mix- 
ture, otherwise the first portion of the gas, finding 
atmospheric air in the retort, inflames, a vacuum 
is produced, and the water is forced up into the 
retort, endangering the bursting of it. 

If the bubbles of air which are formed in the 
retort are suffered to escape into the atmosphere, 
they will inflame instantly with a slight explosion.; 
at the same time a beautiful dense white circular 
ring of smoke rises, and gradually enlarges as it 
ascends. 

This gas may be made to burn under the surface 
of water. Put into a deep glass some phosphuret 
of lime, and half the quantity of oxy-muriate of 
potass : fill the vessel with water. Procure a long- 
necked glass funnel and plunge it into the vessel, 
putting it down to the bottom. Take some con- 
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centrated sulphuric acid and pour into the funneL 
As soon as the decomposition of the water and that 
of the muriate takes place, flashes of fire will be 
seen to issue from the bottom of the vessel, having 
a green colour. 

If a ribbon be impregnated by a solution of gold, 
and hung in a jar containing this gas, the gold will 
be revived, and will gild the ribbon. 



CHLORINE. 

This gaseous body is now generally regarded as 
an elementary substance : but it was lately con- 
sidered as a combination of muriatic acid with oxy- 
gen, and was hence called oxygenated muriatic 
add gas. 

It is obtained by heating a mixture of muriatic 
acid and black oxide of manganese over a lamp : 
the chlorine will be evolved. In this process, ac- 
cording to the present theory respecting the ele- 
mentary nature of chlorine, the oxide of manganese 
and muriatic acid decompose each other : the oxy- 
gen of the oxide unites to the hydrogen of the 
muriatic acid to form water, leaving the other 
constituent of the acid, viz. the chlorine, disen- 
gaged. 

Chlorine is rapidly dissolved by water, the so- 
lution being of a pale yellow colour : it has a 
nauseous taste, and an extremely suffocating smell. 
Whep the gas is perfectly free from moisture, it 
has no action on vegetable colours, but, dissolved 
in water, it destroys them entirely. 

From this property, it is expensively employed in 
shortening the process of bleaching linen, and 
also < paper ; but it is said that it is apt to injure 
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the durability of the substances bleached, and no 
doubt, except due care is employed, this must be 
the case. Prints that have been stained by smoke 
and dust may also be whitened by it, as it does not 
act upon the printing ink. 

, Chlorine has likewise been found extremely effi- 
cacious in dfestroying the putrid effluviae in pri- 
sons, and hospitals, and preventing the infection 
of the small-pox. But when used for this purpose, 
a small quantity only is diffused through the air, 
for, when taken into the lungs by itself, it is fatal 
to animal life ; and, indeed, in preparing it, great 
precaution should be used not to inhale it, as it is 
extremely dangerous if not sufficiently diluted. 

Notwithstanding its unfitness for respiration, it 
supports combustion in a remarkable degree. 
Some bodies, as phosphorus, and several of the 
metals, are spontaneously ignited when plunged 
into a vessel of chlorine ; on this account it is now 
reckoned -one of the supporters of combustion, a 
property which was lately supposed to be only en- 
joyed by oxygen. In this view, combustion is re- 
garded only as the re^lt of intense chemical 
action, and it is supposed that the compounds of 
chlorine have less capacity for caloric than their 
constituent principles, and, consequently, that ca- 
loric is evolved at the moment of their formation. 

Chlorine is known to combine with oxygen in 
three different proportions, forming 

1. Oaide of Chlorine^ or EuchhrineyS, gaseous 
body, not acid, having a smell less irritating than 
chlorine. 

2. Oaychhric Acif^j which does not exist inde- 
pendent of water or a base. 

3. Chloric Acid. — Chloric acid cannot be ob- 
tained unmixed with water. It is colourless and 
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sour ; acts on metals, and combines with alkalies, 
forming chlorates. 

Chlorate of potash was formerly called ox}rmu- 
riat of potash. It is a soluble white salt. When 
heated it gives out oxygen, and the residue is 
chloride of potassium. It forms extremely explo- 
sive compounds with phosphorus, sulphur, and 
charcoal. A grain, with a minute portion of phos- 
phorus, laid upon an anvil, and struck with a 
hammer, makes a very loud report ; but this 
experiment diould not be attempted by \heyotmg 
student. From its detonating quality, it had been 
imagined that it could be used advantageously in 
the manufacture of gunpowder, but it has not 
succeeded. 

Chlorate of potash is made by causing a stream 
of chlorine to go through a solution of caustic 
potash. 

The combinations of chlorine with other simple 
bodies, form chlorides^ if they are not acids, as 
chloride of sulphur, &c. 

Chlorine and hydrogen. This compound body, 
which, according to the present nomenclature, is 
called hydrochloric acid gas, was known by the 
name of muriatic acid gas* It is readily obtained 
by distilling a mixture of common sea salt and sul- 
phiuric acid. The sulphuric add combines with the 
soda, one of the constituents of salt ; and the other 
constituent, the muriatic acid gas, is set free. Mu- 
riatic acid gas cannot support life nor combustion. 
It has a sharp pungent odour, and occasions white 
fumes when it is mixed with moist atmospheric air. 
It reddens vegetable blues. It combines with the 
alkaline bases : with ammoniacal gas it forms mu* 
riate of ammonia. 

VOL. II. F 
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It is decomposed by the electric spark into hy- 
c^drogen and cMorine. 

It is readily absorbed by water, which then 
becomes very add, and forms the liquid muriatic 
acid# 

The rmniatia acidf called also the marine add 
and the spirit qfsaltj is in very common use. It is 
obtained, as above-mentioned^ by distilling sea salt 
and sulphuric acid. It exists in a state of combin- 
ation with alkalies and earths in the mineral 
kingdom in great quantity, chiefly with soda, lime, 
and magnesia. With soda it formsmurmfe of soda, 
common or sea salt, with which every part of the 
ocean k impr^nated, and dso some lakes. Mu- 
riate of soda also exists in the form of a rock in the 
earth, whence it is extracted : it is called rock, salt 
The most con^derable mines of rock salt are in 
Poland ; extensive mines are also worked in Hun^ 
gary, Spain, and Cheshire in England. Muriate 
of soda is obtained also from the sea water, by 
driving oflF the water by evaporation ; and this is 
done either by exposing salt water in shallow places, 
called saltpans, to be evaporated by the heat of the 
sun, or by boiling salt water in, vessels, or by these 
methods combined. Muriate of soda, so procured, 
is dways contaminated with muriate of magnesia 
and miu*iate of lime, from which the salt is puri- 
fied by diflferent proces^s. 



IODINE. 

^is substance^ considered as a simple body, has 
been but lately discovered. It exists i» certain 
marine plants, and is procured from ke^, which is 
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made by burning them* It k obtained firgt in 
the form of fumes, of a violet color, which con- 
denjse in small opaque crystals of a bladkisb grey 
color and metallic lustre, resembling plumbago. It 
appears to be an element that exists in small quan- 
tity. It is callable of producing acids by combin- 
ation with other substances. With oxygen, it 
forms iodic acid ; and, with hydrogen, it forms Ay* 
driodie acid. It combines with phosphorus at the 
common temperature, giving out heat and lights 
and produces with it ^losphuret qfiodme. With 
fmlpbuTf it makes sii^hureti)fiaiUne. 

Iodine, also» unites With all the metals^ farming 
wiUi them iodurets. 



SULPHUR- 

Sulphur, known also by the name of brmstone, 
is a mineral substance; frequently found pure in 
nature. 

It is of a pale yellow colour, without taste and, 
also without smell, except when heated. It is 
chiefly a volcanic product, and a great deal of what 
is used in this country is brought from Italy and 
Sicily. It is found also in nature combined with 
most o£ the metals as ores : united to iron, it fon!ns 
ironp^tes. 

Sulphur is extracted from pyrites by exposing it 
to heat in tubes, by which the sulphur is driven out 
and received in vessels with water ; when melted 
and poured into moulds, it constitutes the roll sul- 
phur in common use. A good deal of this is made 
m England. The sulphur thus obtained, however, 
is not quite pure. To purify it, it is sublimed by 
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a gentle heat in close rooms^ and thus forms^otie'^^ 
of sulphur i 

If sulphur be exposed to heat it will soon fuse, 
and, by continuing the fusion for some time, it will 
become thick and tenacious. If worked betweei^ 
the fingers under water in this state, it acquires a 
consistency like wax, and may be employed for 
taking impressions from seals or gems. This 
change in the sulphur has been ascribed to oxyda^ 
tion; but the same effect takes place if the sulphur 
be kept in fusion without access of air. 

Sulphur becomes electric by friction, and then 
exhibits negative electricity. It is soluble in oils. 
It does not combine with charcoal, but unites to 
phosphorus by means of heat. SuJphur and iron 
have a great attraction for each other. If a bar of 
iron be heated to whiteness, and then touched with 
a roll of sulphur, the two bodies combine and drop 
down together in a fluid state, forming sulphuret of 
iron. Sulphur also unites to potash and to soda, by 
melting them together in a crucible : by this liver- 
brown substances are formed, called sulphurets of 
potash or of soda^ which are soluble in water. 

Sulphur is a highly inflammable body, burning 
with a pale blue flame. Put some threads, dipped 
in sulphur, into a vessel floating in water. Set 
fire to them, and cover the whole with an inverted 
^ass. The threads will continue to bum for some 
time, and the receiver will be filled with a dense 
white vapour. This vapour is the sulphurous acid^ 
formed by the union of the sulphur and the oxy- 
gen during the combustion. It is absorbed by 
the water which will ascend in the receiver. 

Let the whole then be left till the vessel is be- 
come agaitt transparent. If the water be exam*- 



Digitized by 



Google 



SULPHURIC ACID, 69 

ined> it will have a suffocating odour and an aci4 
taste. 

Sulphurous acid, or the vapour of burning sul- 
phur, has been found very useful for destroying 
the infection of clothes and small uninhabited 
plac^, and for fumigating letters from contagious 
places. It is used in dyeing, and for whitening 
straw and silk. 



Sulphuric Acid. 

This acid is composed of sulphur and oxygen^ 
and contains a greater proportion of oxygen than 
sulphurous acid. 

This acid is the same with that commonly known 
by the name of OH of Vitriol. It was so called ori- 
ginally, b^ause it was procured from green tntriol; 
now called sulphate of iron. 

Common oil of vitriol has strong acid properties. 
It is of an oily consistence, and has usually a brown 
tinge, from impurities. It is inodorous, and about 
twice as heavy as water. It is highly corrosive, 
acting strongly on vegetable and animal substances. 

It attracts water very strongly, and cannot be 
entirely separated from it by any known process. 
When exposed to the air^ it attracts the watery 
vapour in the atmosphere, so asr to increase rapidly 
in weight, which will be doubled in a month. If 
mixed with cold water, it suddenly becomes ex- 
treiiiely hot, even more so than boiling water; and 
on this account, when it is necessary to dilute it 
with water, this should be performed very gradually. 

Sulphuric acid is now made by burning sulphur 
mixed with nitre, in close chambers, entirely lined 
■ F 3 
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with lead^ on the floor of >diich a thin layer of 
water is put. The combustion of the nitre fur- 
nishes oxygen to the sulphur, and the sulphuric 
acid is condensed in the water. It is in this manner 
that the common oil of vitriol is made: but it then 
contains many impurities; when freed from thes^ 
it is colourless. 

If sulphuric acid be heated in contact with a 
combustible body, as charcoal or mercury, it loses 
part of its oxygen, and is then converted into sulphtt- 
reous acid gas^ which must be collected over mer- 
cury, as it is absorbable by water. 

CARBON. 

This elementary body is widely difiused through- 
out nature. Common charcoal consists of it, mixed 
with a small quantity of foreign matter. The 
purest variety of charcoal is lamp black. 

Carbon exists as a constituent principle in all 
vegetable and animal matters, and remains fixed, 
after all the volatile parts have been carried dS^ 
during the process of combustion. 

Charcoal is very nearly the same, from whatever 
it has been procured. It is always black and brittle, 
and exhibits the fibrous structure of the wood. It is 
not at all liable to change, and hence wood is some* 
times charred on the outside, when driven into the 
ground for piles, lind similar uses. 

The diamond, a substance so very different in 
appearance, has been found ^by experiment to be 
only crystallized carbon^ Diamonds are found only 
in Asia and Brazil, and always in the alluvial soil. 
Diamond is the hardest body, andt;an only be cut 
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by its own powder.; When found in the earth, 
khey are crystallized, hut are usually rougK 
having lost the angles of their crystals by attrition. 
They may be cleaved or split, and are then cut 
with facets for jewellery. They are of various 
colours. The diamond was long thought to be an 
incombustible body, but it is now known to be 
capable of being burnt; and by its union with oxy^ 
gen, it forms carbonic acid» But although we know 
that diamond is only carbon^ no attempts to crys* 
tallize carbon, and thus to make diamonds^ have 
»jtcceeded. Art cannot Always imitate the pro- 
cesses of nature, even when the materials she has 
used are known. 



Carbon and Oaygen. 

Carbon unites to oxygen in two proportions. We 
shall first consider the most comimon one : 

Carbonic Acid. — If charcoal be burnt, it com- 
bines with the oxygen of the atmosphere, and 
thus forms an acid, which, however, cann<M; be 
condensed into the liquid form, but is always 
aerujiL C^rbcmic acid exists in great abundance 
in nature, combined with minetal bodies, chiefly 
lime. All limestones are formed of carbonic acid 
in a fixed state, united to lime. Hence this gas 
was at first c&Ued jfcr^rf air, which name is still 
sometimes used* . 

It may be procured from limestone or marble, 
in the following manner: put a quantity of broken 
pieces of marble or chalk into a retort, and add to 
it some sulphuric acid> diluted witli six times its 
weight of wat^; a brisk effervescence will ensue, 
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and the carbonic acid gas will be disengaged, and 
maybe collected in the pneumatic apparatus. In this 
process the sulphuric acid severs the lime, leaving 
the carbonic acid free, which escapes in the gase- 
ous form. 

Carbonic acid gas cannot support flame, as may 
be seen by plunging a lighted taper into a vessel 
of it : it will be instantly extinguished. > 

It is fatal to animal life : a small animal confined 
in it would die in a few minutes. 

Its taste is sour: and it is capable of being ab- 
sorbed by water. Water so impregnated has an 
acidulous taste, and reddens v^etable blues. 
Many mineral waters owe their qualities to this gas, 
which is contained in them, and they may be imi- 
tated by impregnating water with carbonic acid gas. 
Agitation and pressure promotes the absorption j 
and in this manner the artificial soda water is 
made. 

During the process of fermentation, this gas 
is disengaged, and ^^ei^^ is carbonic acid enveloped 
in a viscous substance. If a lighted candle be 
plunged into the upper part of a cask containing 
fermenting liquor, it will be extinguished, the 
apparently empty part of the vessel being ^ filled 
with carbonic acid gas. 

This gas is heavier than common air ; hence, 
when disengaged, it occupies the lowest situation. 
It may be poured from one vessel into another, 
which makes a pretty experiment. Fill a vessel 
with this gas, and then, having placed a bit of 
lighted paper ii> the bottom of an empty tumbler, 
pour the gas into the tumbler upon the taper: the 
flame will be extinguished : here the gas will be 
invisible, but its presence is thus manifested. 
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' This gas is often found in the lower part of 
caverns^ wells, mines, and other subterranean 
places. In mines it proves frequently fatal to the - 
minei^, who call it the choke damp. Wells, or 
similar places, which have been shut up for a long 
time, should never be entered without first putting 
down a lighted candle : if this is extinguished, it 
is not safe to go down. There are some caverns 
in which this gas is produced in so great a quantity, 
that it runs out at the opening, like a stream of 
water: this is particularly the case with the cele- 
brated Grotto del Cane. A dog is suffocated 
if it be held for a short time in the lower part 
of the cavern, but the upper part is free from 
this gas. 

Charcoal should never be burnt in rooms that 
have no chimney, because the red hot charcoal 
unites with the oxygen of the atmosphere, and 
forms carbonic acid, which cannot escape. Some 
melancholy accidents have happened from this 
cause. This gas has also been called mephitic air, 
from its suffocating quality. 

Carbonic acid combines with all the alkalies, and 
with the alkaline earths, lime, magnesia, barytes, 
and strontia. With these it forms a class of salts, 
called carbonates. 

Carbon does not combine with any of the metals 
except iron. This combination is the carburet of 
iron, called bIso plumbago and black lead; which, 
however, contains only five per cent, of iron. 
It is the substance used for making black lead 
pencils. 

Carbonic Oaide. — This body is always gaseous. 
It contains only half as much oxygen as carbonic 
acid does. It is void of taste and smell, and 
fatal to animal life- It is inflammable, burning 
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with a blue lambent flame, bat does not esf lode 
when nlixed "with atmospheric air. 'It is pro*' 
cured by depriving carbonic acid of part o( its 
oxygen. This is effected by exposing eC^ual parts 
of chalk and filings of zinc to a gradual red heat» 
suffering the first product to esci^e, which is car^ 
bonic acid gas. The zinc deprives the carb(HUC 
acid in the chalk of part of its oxygen. 



Carbon and Nitrogen^ 

This combination is called cyanogen. It is a gas- 
eous body, haying a penetrating and peculiar 
smell, and burning with a purple flame. It red- 
dens vegetable blues. 

When cyanogen combines with hydrogen, it 
forms a triple compound, called hydrocyanic acid: 
this is also called Prussic acid. Prussic acid is a 
liquid having a very pungent odour, like that of 
bitter almonds. It is extremely acrid, and highly 
poisonous. It is called Prussic acid, because it 
forms one of the constituents of the well-known 
pigment Prussian blue^ which is a combination of 
hydrocyanate of iron with alumine. 



PHOSPHORUS. 

This highly inflammable substance is not met 
with in nature uncombined ; but it exists combined 
with oxygen, forming phosphoric acid, in many 
animal and minjsral substances. 

Phosphorus is a yellowish senii-^ansparent mat;- 
ter of the consistence of wax. It is luminous in 
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the dark at the common temperature of the atmo*' 
sphere. 

To show this property in a striking manner, 
write with a stick of it upon black or purple paper, 
or any other smooth suiface ; the writing will be 
luminous as if on fire. The fiery appearsmce dis- 
appears and appears again by blowing upon it It 
is necessary, in making this experiment, to cut the 
phosphorus under water, and to put it into a quill, 
in order to defend the hands, lest it should take 
fire J and great care ought to be taken lest any 
particle should be left under the nails, or in any 
other place, for if this were afterwards to take fire 
it might occasion very serious accidents, as a bum 
by it is extremely severe. 

Very slight friction is sufficient to inflame phos- 
phorus. Put a grain of it into brown paper and 
rub it with some hard body, and it will take fire 
and inflame the paper. It takes fire spontaneously, 
and bums rapidly in the open air at 122* Fahr., 
with a brilliant flame. On this account, it is always 
kept under water j and it should never be suffered 
to lie exposed to the air. 

Phosphorus is obtained by decomposing the 
phosphoric acid by means of charcoal in a retort. 
The oxygen of the acid unites to the carbon, form- 
ing carbonic acid ; and the phosphorus distils over 
into water. The phosphoric acid is obtained by 
decomposing calcined bones by sulphuric acid. 
Bones consist chiefly of phosphate of lime ; and 
in this process the sulphuric acid joins to the lime, 
leaving the phosphoric acid free. 

Phosphorus is soluble in oil in small quantity, 
which is thus rendered luminous. Sulphuric and 
nitric ether, and ardent spirit, dissolve it, though 
sparingly, in the cold. 
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Phosphorus and Oxygen* 

Phosphorus unites with oxygen in two propor-^ 
tions, forming phosphoroits acid, which contains the 
lowest proportion of oxygen ; and phosphoric acid, 
which contains the greatlest proportion. 

Phosphoric acid may be made by the rapid com- 
bustion of phosphorus in oxygen j but it is usually 
obtained from calcined bones, by decomposing 
them with sulphuric acid. 

Phosphorus has the property of de-oxidizing se- 
veral metallic solutions, as those of gold, silver, 
copper, mercury, lead, tin. If a stick of phospho- 
rus be left in a concentrated solution of nitrate of 
copper, the copper will be precipitated upon the 
phosphorus in a metallic state. 

It also combines with lime, forming phosphy^ 
ret of lime. When pieces of phosphuret of lime 
are dropt into water, flashes of fire are seen 
to rise out of the water, which is occasioned 
by the phosphuret decomposing the water, and 
part of the phosphorus uniting to the hydrogen 
gas, forming phosphuretted hydrogen gas, de- 
scribed before. 

The phosphurets of barytes and strontia have 
' similar properties. 

Phosphorus combines with chlorine and with io- 
dine ; and also with sulphur and the metals. Its 
union with hydrogen has been already noticed as 
phosphuretted hydrogen gas. 

BORAX. 

This elementary substance is known only in 
the boracic acid, which . consists of. it united to 
oxygen. 
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fioracic acid is rarely found native, but is gener- 
ally procured from the salt called borax. 

Borax is boracic acid united to soda, or a borate 
of soda. This is the /mca/ brought from Asia puri- 
fied. It is found at the bottom of certain lakes in 
Thibet, and in China. The boracic acid has been 
decomposed but lately, when it yielded to the ap- 
plication of galvanic electricity by Sir H. Davy. 
Borax is in the form of a powder of an olive colour. 
It is combustible. 

Borax is much used as a flux in soldering metals, 
and also ^r such stones as cannot be brought into 
fusion by alkalies. 

FLUORINE. 

This name has been given, provisionally, to the 
supposed base of the fluoric acid, which is ima- 
gined to consist of fluorine and hydrogen. 

TheJIuork acid has hitherto resisted all the en- 
deavours that have been made to decompose it 
com{detely; and its real nature, therefore, con- 
tinues uncertain. According to the present no« 
menclature, it is now sometimes called hydro- 
fluoric acid^ 

Fluoric acid is obtained by adding sulphuric 
acid to some pounded pure fluor spar, and ap- 
plying heat. 

Fltwr spar is that mineral well known by the 
name of Derbyshire spar^ because very abundant 
in that county. It is employed for making vases 
and other ornamental works. It consists of fluoric 
acid and lime, or, perhaps, calcium, the metal of 
lime,' and is hence called also jfZt^^ of lime. The 
sulphuric acid, having a stronger attraction for lime 
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than fluoric acid has, expels the latter and unites 
itself to the lime. 

It appears, that before the researches of Gay 
Lusac and Thenard, the pure fluoric acid had ne- 
ver been procured ; wHat had been con^dered as 
fluoric acid, being, in fact, a different acid, the 
siUceo^fluoric acid. In their experiments, the leaden 
receiver was cooled by ice, and the fluoric acid 
ccmdensed into a liquid form. In this state it is. 
the most caustic substance known, corroding the 
skin instantly, and causing dangerous sore^* 

fluoric acid combines with silica, and becomes 
with it a permanent acid gas, called the siliceo^^ 
oric acid. This was formerly caUed Jluork acid 
gas. It has a pungent irritating odour, will not 
support combustion, and forms white vapours when 
it comes in contact with the air. It corrodes glass, 
and combines rapidly with water, forming the li- 
quid sUiceo-fluoric acid. This acid, formerly called 
the Jluoric, also acts on glass, and is very acid and 
corrosive. In the process for making it from 
duor spar and sulphuric acid, a little silicious mat' 
ter generally existed in the spar, or ^ass vessels, 
that had been used ; and thus the siliceo-fluoric, and 
not the fluoric acid, had been obtained. / 

Fluoric acid forms Jluates with the alkalies and 
salifiable earths. 

It also unites to b«ax, forming an acid called 
the Jluo-boric acid. This does not act on glass^ 
and is not so corrosive as fluoric acid. It gives rise 
to ^fiuO'borates^ 

ALKALIES. 

Alkalies are an important class of bodies;. Thej 
have received this name becimse one of them. 
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soddf was procured in great abundance from a 
plant called kaU, by the Arabians. 

Alkalies have peculiar properties. They change 
blue vegetable colours tojgreen, and yellow to 
reddish brown. They unite to oil swid fat, forming 
soap ; thus rendering them miscible with water. 
They have an acrid and peculiar taste. They are 
caustic, or act powerfully dpon animal substances. 
They combine with acids, forming with them a 
peculiar c}as9 of salts in which the properties of 
the acid and alkali disappear. 

Until lately, only three alkalies w^e known, 
potash, soda, and ammonia. The two former 
were called the ^ed, the latter the volatile alkdU. 
Theu: number is now increased by the addition of 
lithia. 

POTASH. 

Potash had long been known by the * name of 
the vegetable alkali. 

It is procured from the ashes of burnt v^etables 
in the following manner. Dried vegetables are 
burned in heaps ; the ashes are colfected and lix- 
iviated with water. Thus the potash in the ashes 
is disserved, while the rest of the ashes is insoluble. 
The solution is poured off fr(»i the sediment, and 
evaporated : what remaintrtfirthe potash Of£ com- 
merce, which is of a grayish colour, and contains 
some impurities: these are separated by being 
heated in a furnace. It is then white, and is 
called pearlash. 

AU 'wood4ahes have in them moi>e or less of this 
aDcali, and l^ice they are applied to the same 
purposes as potash, or pearlash. 
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Potash and pearlash procured in this manner are 
combined with a certain proportion of carbonic 
acid, but not so much as to destroy completely its 
alkaline properties : h^nce it is a sub-carbonate of 
potash. To free the alkali from the carbonic acid, 
another process is necessary. Twice its weight 
of qujicklime is added to the pearlash, and the 
whole mixed with water. The carbonic acid 
having a stronger affinity to the lime than to the 
alkali, quits the latter, and forms carbonate of 
lime, which, being insoluble, falls down, while the 
purer alkali is kept in solution by the water, and 
is afterwards separated by evaporation. Sometimes 
it is still farther purified, if necessary, by mixing 
the whole with alkohol, which dissolves the pure 
alkali alone. The alkoholic solution ascends 
to the top of the fluid, and is drawn off by decant- 
ation. 

Potash, when thus prepared, is a solid white 
substance, and is called catistic potash, from its 
property of corroding the skin and flesh when it is 
applied to it : on this account it is frequently em- 
ployed by surgeons. 

Caustic potash, when prepared by alkohol, is 
united to a portion of water, and is therefore a 
hydrate of potasJp. It may be obtained free from 
water by another process. 

Potash may be made to combine with a greater 
proportion of carbonic acid than in the state of 
sub-carbonate, by causing a stream of carbonic 
acid gas to pass through a solution of the latter 
salt : when this solution is then evaporated, it af- 
fords crystals of bi-carbonate of potash. This salt 
is milder than the subcarbonate, and its crystals 
are not deliquescent. 
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The fixed alkalies were, until lately, regarded as 
simple bodies, and one of the most brilliant disco^ 
veries of modem chemistry has been that which 
showed them to be the oxides of peculiar metals. 

The decomposition of the alkalies was effected 
by means of vokaic electricity. By acting upon a 
very small piece of caustic potash, the metallic base 
was liberated, and proved to be solid, malleable, and 
having a high metallic lustre resembling mercury. 
This- new metal is called potassium. It differs 
considerably in its properties from all the metals 
previously known. It is lighter than water, and 
has so strong an attraction for oxygen, that it almost 
instantly attracts it from the atmosphere and re- 
turns to the state of oxide. If thrown into water, 
it produces a very singular phenomenon; it decom- 
poses the water so rapidly that an explosion takes 
place, accompanied by a flame. The same effect is 
seen if a globule of the metal is placed upon a 
piece of ice. This metal can only be preserved by 
keeping it under naphtha, a liquid that does not 
contain oxygen as one of its constituents. 

Botash combines with all the acids forming neu- 
tral salts. 

Nitraie ofpotashj called also nitre^ or saltpetre, 
is prodiiced in considerable quantities naturally, 
particularly in Egypt. It has also been produced 
artificially by making beds of animal and* vegetable 
substances, mixed with calcareous and other earths. 
In process of time, an efflorescence (rf nitrate of 
potash appears, and is separated by lixiviation. By 
the decomposition of these substances, nitrogen 
is disengaged, which, uniting to the oxygen of the 
atmosphere, forms nitric acid ; and this uniting to 
the alkali furnished by the vegetables and soil, pro- 
duces the nitre. Nitrate of potash has the property 
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of detonating when inflamed widi charcoal or 
other easily inflammable bodies. 

It is upon this property that gunpowder is formed, 
which consists of five parts of nitrate of potash, one 
<>f charcoal, and one of sulphur. Chlorate of potash 
is formed by passing chlorine gas through a solu- 
tion of caustic potash. It is also called osy-mu- 
riate of potash. This salt detonates violently when 
three parts of it mixed with one of sulphur are tri- 
turated in a mortar, or struck pn an anvil. WiUi 
phosphorus the effect is still greater. It makes a 
powerful gunpowder when employed as an ingre- 
dient. 

If a small quantity of it be mixed with some 
sugar, and sulphuric acid be added, a sudden and 
vehement inflammation will be produced. These 
experiments require great caution. 



SODA. 

This has also been called the Jbssil or tnmerai 
alkali, because supposed peculiar to the mineral 
kingdom. It is obtained chiefly from the ashes of 
marine plants; all the fuci yield it in abundance ; 
when burnt, their ashes are called kelp, which eon- 
tains a considerable proportion of this alkali, Ba* 
rilla is the same, procured by burning a plant of 
that name in Spain. Soda is also found in large 
quantities in different parts of the earth, particu- 
larly Egypt ; ^nd common searsalt consists of it 
united to muriatic acid. 

In all these cases, however, the soda is com- 
bined with carbonic acid. Of this there are two 
varieties, the carbonate^ obtained by dissolving the 
soda of commerce and crysts^Uizijig it, an$l the hi* 
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carbonate^ obtained by passmg a stream of cJarbonic 
acid gas through it sdation of the former. 

Soda and potash considerably resemble each 
other, but the f iwrmer does not deliquesce so as to 
liquefy, as potash does ; its crystals, however, efllo- 
resce or fall to powder. It is used in the nianufac«> 
ture of soap aiKi of glass. 

Soda, also, like potash, consists of a metallic 
base united t oxygen. The metal is called sodhim. 
It res^nl^es potassium in most of its properties^ 
It unkes with chlorine, forming chloride (jfpatas- 
smm ; this is the common sea-salt so mudi used in 
food^ and was, till lately, called muriate qfsoda. 

Con&Mn salt exists in immense quantities in na- 
ture, both in the form of a rock, as roek-salt, w Wch 
is dug out of the earth in a solid form, and also 
dissolved in the sea^ from which it is obtain^ by 
evaporation. 

Common salt is decomposed by sulphuric acid^. 
The sodium is converted into soda, by taking oxy- 
gen from the water of the su^huric acid, and the 
chlorine combines with the hydrogen of the water 
th«s set free, and forms hydro-ckhric acid gas, 
which is the same with what has been called Wiuri- 
atic acid gas. This gas, absorbed by water, forms 
muriatic add. Henqe, since tfmriatic acid was 
thus procui*ed from sea-i^alt, if was supposed to 
6xist in it, combined with soda, whence the narte 
muriate of s6da« 

Soda nmtes with all the acids, forming neutral 
saltSi the most remarkable of which are the fd- 
lowittg:— 

Sulphate qfsoda, called fiw^merly Glauber^ s salts, 
is fbf med abundantly in the process fm* procuring 
the muriatic acid from common salt ; the sulphuric 
acid which is employed uniting to the soda. 
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Borate of soda, or borax, and 

Phosphate qfsoda^ useful as a test. 

The fixed alkalies readily combine with oils, and 
thus form soap. Soap is soluble in water, and 
owes its detergent quality to the alkali contained in 
it. Alkali by itself would be too powerful, and 
would be apt to destroy the linen and other sub- 
^stances to be cleaned. 

. Soap when in solution is decomposed by acids, 
which unite with the alkali ; hence if an acid is 
contained in water, the soap curdles. Neutral 
salts formed by acids with bases of the earths pro- 
duce the same effect. Hard waters are such as 
have earthy salts, and are unfit for washing ; soft 
water is that which is quite free from salts. 

Hard soap is made from soda rendered caustic 
• by lime, and olive-oil, or tallow. Soft soap is com- 
posed of potash and whaje-oil. 



LITHIA. 

This alkali was lately discovered by M. Arfvred- 
son, a Swedish chemist. It is found to be a con- 
stituent of certain stones, and has been met with 
in the petalite, spodumen, and lepidolite. It is of 
the class of fixed alkalies ; is soluble in water, has 
an acrid taste, and changes vegetable blues to 
green. It forms neutral salts with the adds. 

Lithia, like the other fixed alkalies, has been< 
found by analysis to be the oxide of a peculiar 
metaU which has been called Lithium. Its decom- 
position has been effected by the voltaic pile, but 
the quantity of metal obtaiped has been extremely 
small. 
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This substance is known also by the name of the 
volatile alkali. It is composed of nitrogen and 
hydrogen. In its purest form it is in the gaseous 
state. It is then called ammoniacal gas. 

Ammoniacal gas is procured by adding dry 
quicklime to muriate of ammonia, an(l exposing 
them in a retort to the heat 6f a lamp. The mu- 
riatic acid, having a stronger attraction for the lime 
than it has for the ammonia, leaves the latter, which 
is disengaged, in the state of gas. A pneumatic 
apparatus is necessary for this purpose, as this gas 
is rapidly absorbed by water. Ammoniacaf gas 
has a strong pungent smell, and suffocates animals 
immersed in it. It changes vegetable blues to 
green. If water be introduced into the apparatus, 
in contact with the gas, it absorbs it entirely, and 
acquires its peculiar smell : this is a solution . of 
ammonia in water, and is called liquid ammonia. 

Ammonia exists as a constituent in animal 
bodies; and it is obtained from bones, horns, &c. 

It is a valuable material in manufactures and 
medicine. Ammonia forms with the acids several 
valuable compounds. 

With carbonic acid it forms carbonate and &- 
cdrhonate of ammonia. The carbonate may Ije 
obtained by mixing ammoniacal gas with carbonic 
acid gas over mercury. The two g^ses immedi- 
'ately combine and form a solid white body, which 
still retains some of the pungent smell of the am- 
monia. This is the common smelling salts. The 
bicarbonate is procured by causing a current of 
carbonic acid gas to pass through liquid ammonia. 
It has no smell. 

G 3 

Digitized by VjOOQ IC 



86 EARtHS. 

Muriate of ammonia was called sal ammoniac 
from its having been originally brought from the 
neighbourhood of the Temple of Jupiter Ammon. 
It is now abuudaritly prepared in this country by 
saturating' carbonate of ammonia with sulphuric 
^qid, which forms sulphate of ammonia : by de- 
composing this salt by muriate of soda, muriate of 
ammonia and sulphate of soda are obtained* Sal 
ammoniac is employed in many processes. 



EARTHS. 

At the first view it would se^m, frorn the vast 
variety of sdls on the surface of the globe, and 
the number of rocks and stony substances, that the 
diflfer^t earths of which they ar^ composed 
were innumerable : nevertheless, their number k 
very limited, and, by the mixture of these, the 
greatest part of mineral boiclies is j^omposed. 

The earths were formerly considered aa .ele- 
mentary substances, but late discoveries have 
shown that most of then^ are, like the alkalies, me- 
tallic oxide$. It is ^n4, however, more conve- 
nient still to consider them as a separate class. 

The earths «e of two kinds : 

1. Those which have some of the properties of 
alkalies and which ar« called alkaline earths, 

g. Earths simply so called. 

The alk^ne earths are, Ume, magnesia, barytes^ 
and stiontia. They unite with acids forming com- 
pound sisdts as alkalies do : like tliem tliey change 
vegetable blues to green j they bavci a considerable 
degree of causticity md taste, und ve soluble io 
water. , 
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The rest of the earths are insipid, and are scarce- 
ly at all sdubl^ in water, and have no action on 
vegetable colours. 



LIME. 

Lime is one of the most abundant substances in 
nature^ It is the chief constituent in vast moun- 
tains and rocks, and is very generally distributed, 
mixed with other earths. Chalk, marble, calcare- 
ous spar, and all those rocks called lime-stones, con- 
sist of it. 

In these substances, however, the lime is not 
pure or uncombined. It exists in them united to 
carbonic acid, constituting carbonate qfUme. 

To obtain pure lime, these stones are exposed 
to a white heat, by which the carbonic acid is 
driven off in the gaseous state. This is called the 
burning of lime. The stone so treated is then 
called quicklime ; or, in chemical language, properly 
lime. 

Quicklime, or pure lime, is white; has a hot 
acrid taste, and is caustic, or corrodes the skin. It 
changes vegetable blues to green. 

Until the discovery of the bases of the alkalies by 
Sir Humphry Davy, liipe, as. well as all the other 
earths, was considered as an elementary substance j 
but it has been ascertained to be the oxide of a 
metal to which the name of calcium has been given. 
From the extreme difficulty, however, in reducing 
lime to this state, the properties of calcium are but 
little known. It is white and solid, resembling 
silver, and soon returns to the state of oxide or 
lime by attracting oxygen from the air. 

When water is thrown on quicklime just burnt, 
it swells, bursts, and falls to powder j giving out, at 
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the same time^ much steam and heat^ This is called 
the slaking of lime. In this process^ the water unites 
to the lime, and becomes solid ; for slaked lime is 
quite dry. It is, therefore, called a hydrate of 
lime. 

Lime is soluble in water : the solution has an 
acrid taste, and is called lime-water. When lime- 
water is exposed to the air, a stony film forms upon 
the surface, owing to the lime attracting carbonic 
acid, and returning to the state of carbonate, which 
is insoluble in water. This film breaks, falls down, 
and is succeeded by others in succession. Fresh 
quicklime has a strong tendency to attract mois- 
ture from the air^ and also carbonic acid, so that it 
must l;e kept in closely-stopped vessels. 

Quicklime is used for making mortar for build- 
i"g> by mixing it with sand. This, by solidifying 
the water and attracting carbonic acid, becomes a 
very hard substance like stone. The lime should 
be newly burnt, and the sand silicious and freq from 
impurities. It is also extremely valuable as a ma- 
nure when put upon the land. 

Carbonate of lime is not caustic, por soluble in 
water. It is decomposed by the stronger acids. 
Put chalk or marble into a vessel, and pour upon it 
diluted sulphuric or muriatic acid; an efierves- 
cence will ensue, which is owing to the escape of 
the carbonic acid. Hence these acids are em- 
ployed to distinguish lime-stones. 

Lime combines with phosphorus, forming phos^ 
phuret of lime^ to be afterwards described. With 
sulphur it iorms sulphuret of lime. 

It also combines with all th^ acids, forming a 
great number of neutral salts. 

Sulphate qfUme^ called sisogt/psumy exists largely 
in a natural state* When burnt, it forms the suU 
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stance called plaster ofParis, so much employed 
in making casts of statues, and in plastering 
rooms. 

Fluate qflime, or lime united to the fluoric add, 
is the substance so well known by the name of Der- 
byshire spar, and which is much used for vases and 
other ornaments. 

Nitrate of lime is a very sokible salt ; its taste is 
acrid and bitter. It is often found efl9orescing on 
old plaster walls. 

MAGNESIA. 

This earth, when pure, is white, nearly destitute of 
taste and has no smell. It is insoluble in water, but 
changes vegetable blues to green, and unites to the 
acids. It is conjectured to be composed of a me- 
tallic base, magnesium^ united to oxygen ; but the 
metal has not yet been distinctly obtained. 

Native magnesia is a rare substance, but it en- 
ters as a constituent in many rocks, as serpentine, 
steatite, &c. 

Carbonate of magnesia is extensively employed 
as a medicine. When a red heat is appUed to it 
it loses its carbonic acid, and becomes calcined 
magnesia. 

Sulphate qf magnesia is known by the name of 
Epsom salt, because formerly procured from the 
springs of Epsom, in Surrey. 

BARYTES. . 

This earth was formerly called terra ponderosa^ 
from its great specific gravity. It has strong alka- 
line properties, a caustic taste, and changes vegi&- 
table bhies to green. 
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It sl^dces in the air like lime, is soluble in water, 
and also in alkohol, the flame of which it causes 
to assume a yellow colour. It is a deadly poison. 
It is also found to consist of oxygen and a metallic 
base called barium. 

Carbonate ofbarytes is found as a mineral/ but it 
is not abundant. 

Sulphate of barytes is found native more fre- 
quentiy. When calcined, it forms the Bolognian 
phosphorus. 

Barytes is used as a white paint under the name 
of permanent white, not being liable to change its 
colour. 

STRONTIA, 

The name of iJiis earth is derived from Strontian, 
in Argyllshire, in Scotland, wliere it was first dis- 
covered by Dr. Hope. 

. It is ac^ble in water, and changes vegetaHe 
blues to green. 

It is also oonsiderigd to be the oxide of a metal 
called strontium. > 

Strontia is not very abundant, and is always in 
nature found combined with the carbonic or sul** 
phuric acids. 

The other salts of strontia are but little known. 
All the salts of Strontia have the property of tinge- 
ing the flame of alkohol red. 

SILICA. 

This earth, which forms a large portion of the 
surface of the earth, exists nearly pure in flint and 
rock-crystal : hence it has been called the eiuth of 
flints. 

It may be obtained pure as fellows : ^calcine 
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gun-flints till they become brittle, then pulverize 
them. Mix this powder with three or four timefl its 
weight of carbonate of potash, and fuse the mixture 
in a crucible, by a strong red heat. We shall thus 
obtain a compound of alkali and siliceous earth: 
dissolve it in water, and add to it diluted muriatic 
or sulphuric acid ; a precipitation will take place, 
which, when well washed, is pure sUex. 

Siliceous earth, when pure, is white and tasteless. 
It is infusible by itself, and insoluble in water. It 
has a harsh feel, and does no>t form a cohesive mass 
with water. 

No acid can act upon it, except the hydro- 
fluoric, which dissolves it. When mixed with an 
equal weight of carbonate of potash, and fused in a 
strong furnace, it forms glass* With a larger pro- 
portion of alkali it forms a substance soluble in 
water^ which has been called siUcated alkali* The 
solution of this was called liqtu>r qfJUnts* The silex 
is precipitated from it in the state of a gelatinous 
hydrate by aci4s. 

It is supposed that silica consists of oxygen 
united to a certain base^ which has been assumed 
to be a metallic substance, and which has been 
called SiUdum : but its real nature has not been 
ascertained. It is imagined, however, that silicium 
forms an alloy with iron, and that the properties of 
some sorts of iron are owing to the addition of this 
substance. 

ALUMINA. 

This earth forms a part of all days, and hence has 
been called argillaceous tarik. It exists also in nu- 
merous rocks, particularly slate, and even consti- 
tutes some of the hardest gems and stones, as the 
sapphire, ruby, and corundum. 
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It rarely pccurs in a pure unmixed state. But it 
has been found native, in small masses, at New- 
haven, in Sussex, and also- in Hall, in Saxony. 

Clay consists of this earth, joined to silex. Por- 
celain clay proceeds from the decomposition of* 
felspar j it consists of silica, alumina, and some- 
times a little lime and potash. Pipe-clay, and 
potters^-clay are pure clays, but of variable com- 
position. 

Alumina has no smell nor taste ; is insoluble in 
water, but forms with it a ductile paste, and shrinks 
much when exposed to heat. It is dissolved by 
the liquid filled alkalies, and unites chemically with 
barytes, strontia, lime^ and magnesia. It is dis- 
solved by most of the acids. 

The salt called aluniy which ^ves its name to 
this earth, is a sulphate of alumina and potash* 
Sulphate of alumina alone will not crystallize ; but 
when sulphate of potash is added, octahedral crystals 
of alum are produced. When alum is exposed to 
heat, it loses part of the acid and water of crystal- 
lization, becomes light and spongy, and is called 
burnt alum. Alum is extensively employed in the 
arts of dyeing and calico printing, in consequence 
of the attraction which alumina has for colouring 
matter. Alumina also forms the basis upon which 
are precipitated certain colours used as pigments. 

YTTRIA. 

This rare earth, so cdled from Ytterby, in Swe- 
den, where it was discovered^ is found only in a 
stone called gadolinite, so named from Professor 
. Gadolin. . It is insipid, and insoluble in water, but 
dissolves in carbonate of ammonia^ It forms salts 
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which have a sweetish taste. Its specific gravity is 
^eater than that of any other earth. The base of 
y ttria has been supposed to be a metallic substance^ 
which would receive the name of yttrium ; but it 
has neverbeen exhibited in a separate state. Yttria 
contains oxygen, and hence been inferred to be a 
metallic oxide. 

GLUCINA. 

GlucinUj or Glucinej is an earth which has been 
procured only from the beryl, the emerald, and the 
euclase. 

It derives its name from its forming salts which 
have a sweetish taste. It has no taste nor smell, is 
infusible by heat, but dissolves in the acids, and 
pure alkalies. It is insoluble in watei*. It is also 
supposed to be a metallic oxide. 

^ ZIRCONIA. 

Zirconia is a very rare earth, found as yet only 
in the zircon or jargon of Ceylon, and the hyacinth. 
It is void of taste or smell ; is insoluble in water 
and pure alkalies ; but is soluble in alkaline car- 
bonates. Its base is supposed to be metallic. 

THORINA. 

This is another very rare earth, discovered by 
Berzelius, who extracted it from a species of gado- 
linite. It absorbs carbonic acid, and dissolves 
readily in acids. It is not soluble by the pure 
alkalies, but slightly so by the alkaline carbonates. 
It is supposed to be the oxide of a metal^ 
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METALS. 

We come now to treat of the last division of the 
metallic substances ; those which^ remaining in the 
air in the metallic state, have received the name 
particularly of metals. 

Those metals whose combinations with oxygen 
form alkalies, as potassium, sodium, and lithium, as ' 
also those whose oxides form earths, as calcium, 
magnesium, barium, strontium, silicium, alumium, 
yttrium, glucinum, zirconium, and thorinum, have 
been already mentioned incidentally, in speaking of 
the alkalies and earths to which they give rise. But 
we shall now enumerate the general properties of 
this important class of bodies, including the above 
mentioned. 

The metals are distinguished from all other sub- 
stances by certain properties, particularly a pecu- 
liar lustre ; and most of them have great weight, or 
specific gravity. 

Several of them have been known to part of the 
world in very ancient times, while some savages in 
the present day are totally unacquainted with their 
use : but a considerable number of the metallic sub- 
stances have been discovered only lately. The 
metals are so important in many mechanic arts, 
that mankind could never have attained their pre- 
sent state of' civilisation without them. 

Metals are, in general, solid bodies at the usual 
temperature : one only, mercury, iis fluid. 

They are opaque in the mass in its usual state ; 
but gold, when beat into very thin leaves, transmits 
^ faint greenish light, when held between the eye 
and the direct rays of the sun. 
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The lustre by which they are distinguished, 
^sailed the metalHd lustre^ is not easily described, but 
may be exemplified in that of silver, steel, lead, tin, 
&c., as distinguished from that of glass, diamond^ 
&c. Mica has a lustre which approaches that 
called the metallic, but it loses this on being 
scratched, while the metals do not ; on the con- 
trary, they are more brilliant when fresh cut. This 
property of the metals renders them highly useful 
for ornamental purposes, and for reflecting light, 
as in mirrors. 

Metals are the best conductors of heat, and also 
of electricity. 

Sonte of the metals are capable of being extended 
under the blows of a hammer, which property 
is called malleability^ and is peculiar to metals. 
Ckhers, again, iare brittle, on which account they 
were formerly called semi-metals. The malleable 
metals are, gold, platina, silver, palladium, potas- 
6riun(), sodium, mercury in its frozen state, copper, 
iron, lead, tin, zinc, and nickel. These differ 
much in their degrees of malleability. Golfl may 
be beat into the tbinnest leaves, and zinc is very 
little malleable, except when heated. The malle- 
able metals are also ductile ^ ox may be drawn out 
into wire. Gcdd and platina may be drawn into 
the finest wire. 

One of the metals, iron, is capable of being 
made very elastic^ which renders it fit for making 
springs. 

Most <rf the metals are very fusiMe, or capable of 
being rendered fluid by the application of heat; 
on this account they may be cast into moulds, and 
formed into various utensils: some of the metals 
are volatile at a high degree of heat. 

None of them are very hard naturally j but some 
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of them maybe hardened by art: thus the ihoderns 
make cutting instruments of iron and steel, and 
the ancients made them of a combination of cop- 
per and tin^ 

All the metals are capable of combining with 
oxygen, and thus forming oxides j but they differ 
very much in the readiness with which they com- 
bine with it, which occasions their division into 
,several classes. 

The oxides of metals have none of the metallic 
brilliancy, and no malleability : their appearance 
and nature are totally different from that of the 
metals themselves. 

The oxides of some metals, as potassium and so- 
dium, are akaline ; others are acid, constituting the 
metallic acids : the rest have neither acid nor alca- 
line properties, but are, as well as others, capable 
of being dissolved by the acids, thus forming salts. 

Some of the metals attract oxygen so strongly, 
that they become oxidized almost immediately in 
the open air, and even take oxygen from all its 
combinations, so that they are, with great diflSculty, 
preserved in the metallic state ; of this nature are 
metals that produce the alkalies and earths, which 
can only be kept in pure bitumen called naphtha, 
which has no oxygen in its composition. 

Some of the metals do not experience any 
change on being kept in fusion by a strong heat 
with an access of air ; but others are by this means 
converted into oxides. The first have been called 
perfect metals^ and comprehend gold, platina, sil- 
ver, and palladium. The rest differ very much in 
the degree of heat necessary to oxidize tllem. 
Arsenic, manganese, and the bases of the earths 
and alkalies become oxides at the usual temperature 
of the atmosphere, even when perfectly dry. Lead 
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w^ cof^r are oxidized jslowly by m6ist air. Iron, 
tmef copper, tin, &c., require to be heafed to red- 
ness. Although the perfect mfstals cannot be 
oxidized by aAy degree of ordinary heat, they may 
by the effect of dectncity and galvanism. All the 
metals, tibat ate converted into oxides by atmo- 
spheric sdr, undergo this change still more rapidly 
in <n:^eB gas, as was shown in the burning of iron 
wire in oxygen. 

Metab are also converted into oxides by the ac- 
tion of acids, hut in d^rent manners. Some adds 
which'contain oxygen loosely combined part with 
it to the metal,; while others, as the sulphuric and 
muriatic acids, do not act upon iron or zinc, except 
they are diluted with water,- and then it is the wa- 
ter, and not the add, which supplies the oxygen. 

Metals cannot be made to combine withsdl pro- 
portions of oxygen, but are susceptible only of cer- 
tain d^oes or stages of oxidation. Thus iron has 
only two oxides ; . tiie black oxide composed of9Q.5 
parts of oxygen, and 100 parts metal ; and the 
red oaide of 43.5 parts of oxygen, and 100 parts of 
metal : and there ar^ no intermediate degrees of 
oxidation, nor will iiion combine with a larger or 
smaller proportion c^oxygen. Metals differ in the 
number of oxides which they form : thus some 
have two, some three, and others four oxides: 
and, according t^ the law of the atomic theory, 
the different oxides of the same metal contain o;cy- 
gen in proportion? that are simple multiples of each : 
other. 

The different oxides of the same metals have dif- 
ferent colours, which render them very valuable as 
pigments. They have also distinct chemical pro- 
perties, and combine, in different proportions, with 
the acids^ forming distinct salts. 

VOL. ir. H 
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. All the metals are considered as siHi^ jbcMfies, 
none having been decomposed or resdved into 
other principles } also, atone time, they were jsup« 
posed to be formed oia peculiar basis a|id an ima* 
giilary inflammable prindple called fMogisto^ 
This theory was very favourable to the idea of 
formiBg metals, and transmuting or changing them 
into each other. The existence of pblpgiston is no 
longer believed in, and the science of aldiemy is 
only remembered as affcnrding an instaace gH the 
danga:s of false theories, and of the gr^at credulity 
of persons in many respects well informed. 

The oxide of a metal was formerly called a eaiw^ 
and its conversion Was supposed to b@ owing to the 
loss of the phlogiston ; but it was deserved that 
the mietial gained instead of Igsing weight by this 
change ; in fact, it acquires just the weight of the 
oxygen it combines with. When the oxides of me- 
tals ^e made to part with their oxygen, hey are 
reduced to the metallic state, and upon this 
depends tbe art of reducing metals from their 
ore$. 

PtATINA: 

This metal was unknown in Eurc^e before 1748, 
and is still chiefly found in South America : it has 
been also found in Estremedura, in Old Spain. 

In colour it is nearly as white as silver. It is 
very difficult of fusion, and can only be melted by 
the assistance of oxygen gas or by galvanic elec« 
tricity. From its refractory quality, it is employed 
for crucibles and other chemical utensils exposed 
to heat, for which it is adn)irably adapted. 

It is dso extremely ductile and malleable, and 
may be drawn into very thin wire, and hammered 
into thin plates. 
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Pbttida does not tarnidi on exposure to the at- 
mosphere, and takes an excellent polish, on which 
account it is used in making specula for telescopes. 
It is also capable of being welded, a property only 
possessed by it andiron. It is the heaviest of the 
metals ; its specific gravity being nearly 22. 

Hatina is readily dissolved by the nitro^nuri- 
atic add and by chlorine, but is not acted upon 
by any other acid. It also combines with sulphur 
and phosphorus. 

Flatina is brought to Europe in small flattened 
grains, which, however, are not pure platina, but 
contain a mixture ^so of nine other metals* Four 
metals, omiumj iridium^ rhodimn^ and palladium^ 
were unknown till they were discovered in diese 
grmns. 

GOLD. 

Gold is found in nature in a metallic state. It 
is generally met with in grains called goUUdust^ 
inixed with the sands of rivers, either being carried 
away by them from the rocks which contain it, or 
having been deposited in ancient alluvium. It is 
chiefly found in Africa, also in Brazil and Peru. 
There are mines of it also in Hungary j and it is 
met with in quantities too small to be worth work- 
ing, \n the sands of many rivers of Europe. 

Lately some was found in the county of Wick- 
low, in Ireland j one grain weighed SS ounces, and 
considerable expectations were formed ; but, not- 
withstanding, the works were, abandoned as unpro- 
ductive. 

Gold is the heaviest of the metals except platina. 
It is of a rich yellow colour, and not veiy hard 
when pure. 

H 2 
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It melts at a bright red heat, but<:annot be t)xi* 
dated by any furnace, though it may by electricity 
and galvanism* It does not oxidate in ihe air; 
hence it is so useful in gilding, its beautiful i»stre 
remaining untamisbed. 

It is the most ductile and malleable of ihe me- 
tals, and may be drawn into the finest vnre for gold- 
lace and other purposes^ and may also be hammered 
into leaves of extreme thinness for gildings 

Gold is not acted on by any acid except the 
Ditro-muriatic acid and chlorine. From this pro- 
perty the former was nm^d^ua-regia^gold being 
called by'the alchemists the king of the metals. ^ 

The solution of gold, called muliate of gold, yields 
by eya{K)ration crystals of a beautiful yellow co^ 
lour, which, when dissolved in water and precipi^ 
tated by a solution of tin, afibrd the beautiful pow^ 
der called the purple precipitate qfcassitts^ much 
used in enamelling. This consists of oxide of gold 
mixed with oxide of tin. 

If any substance, as a piece of ribband, be dipped 
into the muriate of ^old^ and then exposed to a 
stream of hydrqgen gas, the gold will be revived^ 
and the substance covered with it Some com- 
bustible bodies attract the oxygen from the solu- 
tion of gold, and cause it re-appear in its metallic 
state* Thus, if a piece of charcoal be put into a- 
glass-jar, containing a diluted soluticm of gold, and 
exposed to the direct rays of the sun, it will fioon 
appear gilt. When amnv^nia is addedto a solution 
of gold, a yellow precipitate is fonned^ caU^dJiiU 
minating ^oZof, because it has tite property of ex- 
ploding when exposed to heat. . > 

If to asolutipn of muriate of gbld, sulphuric eiher 
be added, the gold will combine with the ether, 
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leaving the acid, and will float on the surface of the 
fluid. If polished steel be dipped into this, it will 
be covered with a coating of metallic gold; Tliis 
process is employed for ^ding landets, and other 
surgical instruments, to defend th^u from rust. . 

Gold,easily alloys withmercury, which is^ there- 
fore, much employed for extracting it from the 
substances with which it is mixed in its natural 
state. The mercury, being volatile, is driven off 
by heat, and the gold remains free. 
: Gdid in ks purest state is too soft to be used as 
coin J it is, therefore^ alloyed with A of copper. 
Jeweller's gold generally contains considerably 
more. 

Gold seems, to have been one of the earliest 
knowia of the metals.. The ancients were lavish 
in its use,, and ifc is still frequently used in orna-r 
misnts among savage tribes^ 



SILVER., 

Silver is often found native, or in the metallic 
state, but it is most usually combined with other 
metals, or sulphur. In its native state it fre- 
quently assumes an arborescent form. The richest 
silver mines are in Mexico and Peru ; but others 
exist in many countries. Lead ore. very frequently 
contains a quantity of silver, and sometimes it is 
worth extracting. 

Silver is of a biilliant white colour. It is very 
ductile and malleable ; may be drawn into fine 
wire, and beaten into thin leaves ; but it is inferior 
to gold in these qualities. 

Silver fuses when heated red hot, and may be cast 
into moulds, but is not thus converted into oxide 
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by any conlSnuance of heat: it is oxidized by 
Commoii and galvanic electricity. 

It is Hot oxidized by the air j but it is tarnished 
by ^xposurci because the sulphurous vs^ours form 
with the metal a sulphuret of silver. 

(hdde of silver is of a dark olive cdbur, and is 
obtained by precipitating it from the nitrate of 
ililver by lime-water^ this metal being soluble in 
the nitric add. 

Nitric acid can dissolve more than half its weight 
of silver, the solution depositing crystals. When 
these are fused by a gentle heat, they may be 
poured into moulds^ and fbrm the substance called 
luTiar caustiCf used in surgery. 

^itfate of silver is used by chemists as a test for 
muriatic acid; for if it be dropped into any 
tiquid containing muriatic acid, a white precipi- 
tate will appear, owing to the superior affinity of 
silver to muriatic acid, and to the insolubility of 
muriate of silver. Nitrate of silver is very caustic, 
staining animal and vegetable substances of a 
black colour, and hence it is employed as a per- 
manent marking ink for linen, and also for staining 
hair j though for this last purpose it should be used 
with great caution, and much diluted. 

If a few drops of the nitrate of silver be put 
upon a piece of glass, and a copper wire be placed 
in it, a beautiful metallic precipitation of the silver 
will appear in an arborescent form. 

When silver is precipitated from its solution in 
nitric acid by ammonia, it forms Julminating silver^^ 
which is a dangerous preparation ; for it explodes 
by the slight contact of a body. 

When mercury is added to the nitric solution of 
silver, a precipitation of metallic sUver is formed 
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resembliii^ in appearance a vegetation, and cailed 
arbor Dkmte. 

Silver is not sduble in the hydro-cMoric acid 
{muriatic acjd), yet, wbeii tins acid i» added to a 
9C^iltiob of nitrate of silver, it unites to the o^dey 
jmd a white emrdy precipitate falls down, whicit 
is the muriate (^sitveri or, in conformity with the 
new nomenclature, the ckhride qf Silver. If this 
precipitate be fused by a genitle heat; a sefiib-tran^-t 
parent niasd is formed, cs^ed formerly bma comeUi 
or horn silzJef, the Jtised muriate ^sitv&. 

Silver is also dis^ved by the sulphufid acid, arid 
the sulphate of Sihef' i» u^ as a chlemical test« 
Silver also uriites to sulphur and phosphcnus. 

Silver, when employed for coin is sdlo^ed with 
copper to increase its hardness. Oar coin con- 
tains tbirty«seven parts silver and ^ee psurts 
eopper« 



MERCURY. 

This metal, called also quicksilver ^ is always fluid 
when in the usual temperature of the atmosphere ^ 
but when exposed to an intense degyee of cold, it 
is frozen into a solid mass, and is then malleable. 
The temperature necessAiy for this purpose is 39^. 
The cold is sometimes so great within the polar 
circle as to freeze the mefcury iH'tbe tliermottieter ; 
but in this country that can only be efifectefd^ hy 
exposing it to a freezing miixture. 

Mercuiy also boils at 655^, and then evaporatds» 
^nd may be distilled from one \^essel tb anothei*.^ 

It is sometimes found in natiii'e in a pme state, 
but usujdly it is united to sulphur, with which it 
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forms the ore called cinnabor. The greatest quan- 
tity of it is found in Spain and South America* 

When acted on by heat and air for a long time, 
it absorbs oxygen, and is converted into a red 
oxide called formerly precipitate per se : and when 
the heat is increased, the oxygen is given out, and 
the mercury re-assumes its metallic appearance. 
When it is agitated long in air, it is converted into 
the black paidCf which contains a smaller propor- 
tion of oxygen than the red oxide. It is the black 
oxide which is employed in mercurial ointment. 
Mercury is acted on by the acids, forming salts of 
mercury. It also unites to chlorine (oxymuriatic 
acid,) in two proportions, forming calomel and c(m- 
rosive sublimate. 

- Mercury when tritujfated with sulphur, com- 
bines readily into a black compound called ethiops 
mineral; when united to a larger proporticm of 
sulphur, it forms the beautiful pigment called 
cinnabar. 

Mercury combines with several of the metals, 
forming soft alloys called amalgams. The amal- 
gam with tin is used for mirrors : that with zinc is 
Employed in electrical machines. 



IRON. 

No metal is so universally diffused throughout 
nature as iron. It is never found in the earth in 
the metallic state, but is always procured from 
ores. 

Iron is of a bluish-grey colour. It is very duc- 
tile, for it may be drawn into wire as fine as 
human hair. It is also very malleable, and pos- 
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sesses the property of being welded; that is, of 
having two separate pieces united* together by 
hammering when red hot. It is one of the most 
infusible of the metals, but may by intense heat be 
melted and run into moulds. It i^ in its pure state 
among the hardest of the metals, but may be made 
to exceed all the rest in hardness when converted 
ixi\jo steel. 

It possesses the magnetic property, the had* 
stone itself being an ore of iron. 

Exposed to the action of the air and moisture, 
iron soon rusts or oxidcdes. It then attracts the 
oxygen and carbonic acid, and is changed into a 
reddish brown substance, which is a mixture of 
oxide of iron and carbonate of iron. 

Iron unites to oxygen in two proportions. The 
protoxide of iron consists of one hundred psuts of 
iron, and twenty-nine parts oxygen ; it is of a 
black colour ; hence it is called the hlack oxide qf 
iroTif : formerly martial ethiops. It is formed when 
iron is heated red hot ; scales form on the outside, 
which fly off when hammered. It is magnetic. 

The peroxide is red, and consists of one hundred 
parts iron, and forty-three oxygen ; it is called the 
red oxide qfiron. The red oxide is formed by 
keeping iron filings red hot in an open vessel, and 
agitating them constantly till they are converted 
into a dark red powder, formerly called sqffiron qf 
Mars. 

, Iron is acted on by all the acids, and various 
salts of iron are formed : the most remarkable are 
the following :— 

Sulphate qf iron^ formerly called copperas or 
green vitriol. 

Nitrate qf iron^ and acetite of iron, used in 
dying. 
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FerrO'prussiate qfiron^ called pntssian blue, used 
as a pigment 

Iron also combines with sulphur, phosphorusj^ 
^arbon^ chlorine, and iodine. 

Sulphuret ofiron^ composed of sulphur and iron, 
is called also pyrites. Iron with carbon forms plvm- 
bagOj comtnonly called black-lead, used for making 
pencils. Steel is another compound of iron with 
carbon. 

The ores of iron consist either of the black ox- 
ide, which is called the magnetic iron ore^ the red 
oxide or the red iron ore, carbonate qf iron^ and 
clay iron.stone. 

The iron is separated from these ores by smelting 
in furnaces, where it is made to flow out ^lto va- 
rious moulds made in a kind of loam. Th^ first pro- 
duct is called cast iron. It ccmtaios some carbon 
and oxygen ;.and, it is thoi^ht, also siliciutn^ besides 
casud impurities. Of this, cannon, pipe^ grateiSir 
andf other articles of cast iron are mack. It is of 
twa kinds : wkite castAron is Very brittle j grey cast 
iron^ h less brittle, though not malleable, but may 
be bored and turned in tlie lathe. 

T6 render ircm malleable it must be freed from 
those substances with which it is combined m the 
erude state. To effect this, it is kept in fusion m 
tL furnace exposed to air and flames and well stired^ 
The o^itygen combines with the carbon, and escapes 
in the form of carbonic acid gas ; and the eiarthy 
matter is vitri£ed, and rises to the surface as stag. 
It isllie» sui^ted ta the action of large hsunmer^ 
and rollers, by which the remainder of the ^Hdf^uri^ 
ties C3 forced out. It then constitutes bar irmi, 
also called wrought iron, fit for manufacturing. 

Wrought iron is of a fibf ous steucturiB, and is the 
metal in a pure state. It is now extremely malle- 
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able^ softy and easily filed, and also capable of 
being forged and welded. There are several va^ 
rieties of iron in this state, arising from the ores 
from which they were procured, the process of 
smelting, or the intermixture of foreign substances. 

One variety is called hot short iron ; it is ex- 
tremely ductile when cold, and on this account is 
employed for making wire \ but when heated it is 
extremely brittle : it is also fusible. Cold short 
iron, on the contrary, is highly ductile when hot, but 
britde when cold. The causes of these qualities 
are not precisely known, but it is said that the first 
is iron combined with arsenic, and that the latter 
contains phosphoric acid. 

Iron is capable of being reduced to a third state, 
which is that of steel It is converted into steel, 
by exposing it to heat in contact with carbonaceous 
substances, which unite themselves with it Steel 
is, therefore, iron united to carbon, and is made by 
three processes. 

Natural steel is made by keeping cast iron in a 
state of fusion in a furnace, its surface being all 
the while covered deep with scorise ; part of the 
carbonic acid gas escapes, while another part com^ 
bines with the iron« This steel is inferior to the 
other kinds. 

Steel of cementation is made by placing bars of 
iron in charcoal powder, and exposing them to a 
strong heat in a furnace for six or eight days. 
The iron and the carbon thus combined constitute 
what is hete called blistered steel. When this is 
rendered more malleable by the operation of the 
hammer, it is called sJieer steel. 

Cast steel is made by fusing blistered steel with 
pounded glass and charcoal powder, in a close cru- 
cible. It is also made merely by fusing iron with 
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carbonate of lime. This is the most useful of all the 
icinds of steel, and employed for razors, surgeons'' 
instruments, and similar purposes ; its grain is the 
most compact, and it takes the highest polish. 

It is the particular property of steel to become 
extremely hard, if it be heated red hot, and then 
suddenly plunged into cold water; but different 
instruments made of steel require to be of different 
degrees of hardness j and they are, therefore, subr 
jected to a process called tempering^ which is heat- 
ing them again to a certain point afterhaving been 
hardened. The tempering of steel, for some pur- 
poses, is a delicate process. 

A polished bit of steel, when heated with access 
of air, acquires very beautiful colours. It first be- 
comes of a pale yellow, then of a deeper yellow„ 
next reddish, then deep blue, and at last bright 
blue. At this period it becomes red hot, and the 
colours disappear: at the same time the metallic 
scales, or the black imperfect oxide of iron which is 
formed, incrusts its surface. All these different 
shades of colour indicate the different tempers the 
steel has acquired by the increase of heat. Artists 
have availed themselves of this property, to give 
to surgical and other instruments those degrees of 
temper which their various uses require. Iron 
may be alloyed with most of the metals, but these 
alloys are not much used. 

Wootz is the name given to a kind of steel made 
in the East Indies, which is of a very superior 
quality for cutting-instruments. 
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Copper is sometimes found nativei but in veiy 
small quantities. It is generally met with in the 
«tate of oxide, or united to sulphur, or to acidsu 
In Cornwall there are very rich mined of copper. 

Pure o^per is of a red colour, very tenackmi!^ 
ductile, and malleable. It melts at 27 of Wedge- 
^urood's pyrometer, and bums with a green flame. 

It is not oxided by water. When exposed to a 
red heat, it becomes covered with a crust of bitide 
of a blackish colour, this is the peroxide of copper. 
The fi];»t, or protoaide^ is of a red colour what 
found imtive,but when formed artificially is prangew 

The oxides of copper are reduced to the metalr 
lie state by heating with charcoal or oils. 

The nitric add disolves copper with efferves*'' 
cence, and the solution has a blue colour. The 
acid first oxidates the ,metal, a large quantity of 
nitric oxide (nitrous gas), is disengaged, and the 
oxide dissolves ; this forms the nitrate qfcoj^^. 

ITie sulphuric add does not dissdive copper un- 
less when concentrated, and in a boiling state; 
Fine blue crystals, which are the sulphate qfcopper^ 
are the result. This is what is commonly called 
blue vitriol. This salt is decomposed by iron ; for 
if a piece of iron be immersed in a solution of sul- 
phate of copper, the copper will be predpitated 
upon the iron. This process is often employed for 
procuring the copper from the water in copper 
mines, which has in it a large portion of sulphate 
of copper. 

The muriatic acid does not act upon copper ex- 
cept in a state of ebullition, and then the muriate 
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of copper is formed, which is of a green colour, and 
of an astringent taste. A solution of it is used as 
a sympathetic ink j for letters written with it will 
become yellow by warmings and will disappear 
^iga^n when cooL 

The ^^tous add in a sufficient degree of coi^ 
jeeniyalipn di^solvcB cc^er, but when not conceU'- 
trated, 33 in vinegar, it acts upon it very slowly, and 
forms comnian verdigris, which is an impure 
acetate of coppier. This; being dissolved in distilled 
vin^w, and subjected to evaporation, crystals are 
produced which constitute what is called distiUed 
wrdigris. 

Cc^per is employed in making kitchen utensUs j 
but as these ves^ek are liable to be corroded by 
the lu^ids and fatty sub^nces used in culinary 
preparations, they often become dangerous, as all 
the salts of cc^per are poisonous. Culinary utensils 
of copper shoidd always be well tinned, but those 
of iron tinned are safer, as iron has no poisonous 
quality. The alloys of copper with other metsds 
are very useful. 

Tombac is formed of copper, arsenic, and tin. 

Prince*^ m^tal% or Pinchbeck^ is made of copper 
and zinc 

Brass is also formed of another proportion of 
copper and ^inc* 

Bronze is made of copper and tin, 

BeU-metal i» aliso of copper and tin, but with 
more tin th^n the latter alloy. 

A solder for silver is made of copper and 
silver. 
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TIN. 

Tm is a rmid of a colwr m^wehing to tkA of 
silver, feirt somewHw* iJuJIjer. ft i3 extwflarfy »i»Ur^ 
^ble. Wbm bat^wered ii34Q leaves it ccmstitulfia 
Uri^oil It is iiott howeverj very ductile* Itia 
nearly as soflt as lead^ aiid may be easily bent, a^ 
then emits a crackling noises which is peculiar to it. 

Tm fus^ more easily than any oihtv metal : 
virhen it ha$ been kept some time in a state of 
f ufiion» with access oS air^ its surface beccnn^ 
wrinkled Mu4 covered with a grey pellicle, which i» 
the jl?r«/, or grey oaide of tin* This oxide when 
mixed with melted glass forms white enameL 

The grey oxide, when exposed to a greater 
4i^^ of heat, takes fire, acquires more oxygen, and 
Hl^ecomes of a pure white j the white Q^i^ oi tint 

Tin i^ noi oxidized in the air at the common 
temperatore j on account of which property, it x% 
iiped for covering iron plates, to prevent thek 
rusting. 

Tin dissolves in the muriatic acid, forming muri* 
ate qftifif much used by dyerg. 

With nitric acid it forms nitrate qf^n. 

Tin united with sulphur forms the aurum musm 
turn. AJloyed with lead, it forms plumber^^ solder* 

The hidst pewter is composed of tin alloyed with 
antimony, copper, and bismuth. 

Tin is not found native, and its ores are not much 
distributed. The richest mines are in CornwalL 

LEAD. 

This metal is never found in a native state. The 
ore from which it is chiefly procured is galena^ 
which is lead united to sulphur, or a sulphuret 
of lead. 
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lis LEAD. 

Pure lead is of a gre3rish colour. When fresh cut 
it is bright, but it soon tamishes in the air. It 
stains the fingers or paper when rubbed on them. 
It is easily cut with the knife; has little or no eltti* 
ticity, and is very malleable, but not very ductile. 
Water does not act upon lead. It easily fuses ; imd 
exposed to the air in a state of fusion, its surf^e 
becomes covered vith a grey pellicle: if this be 
removed another succeeds, and in this manner the 
whole may be converted into a powdery substance. 
This pellicle is composedof oxide of lead mixed with 
a portion of metallic lead. If it be subjected to a 
strong heat, it is changed into a yellow powder, 
known by the name of massicot; which is ihejint^ 
ot If elhw oxide of lead: it is used as a pigment. 

If massicot be exposed to the flame of a furnace 
for some time, and kept stirred, it is converted into 
a beautiful pigment, called minium^ or red lead. 
This has been called the red oxide of lead ; but it 
is a mixture of the yellow oxide above mentioned, 
and another, the brown oxide of lead. This- brown 
oxide may be procured by pouring nitric acid on 
red lead) when the yellow oxide in the red lead 
will be dissolved by the acid, and the brown oxide 
will remain, being insoluble. 

If the oxides of lead be acted on by a strong 
heat, they give up their oxygen, and metallic lead 
remains ; but they • are more readily reduced by 
mixing them with combustible matter. 

Lead, when procured from its ore, frequently 
contains so much silver, that the latter is worth 
extracting. This prbcess is called rqfimng. The 
lead is played upon by the flame of a furnace, by 
which the lead is oxicKzed, and the oxide is partly, 
vitrified, and assumes a scaly form, called litharge. 
The silver then remains free. 
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The oxides of lead are easily changed into glass^ 
and unite with all the metals except gold and silver ; 
on this account they are employed for separating 
other metals from these. This process is called 
cupellation. The mixed metal is put into a dish 
called a cupel^ made of bone-ashes, and placed in a 
cupelling furnace; the lead is oxidized and vitri- 
fied, and sinks into the bone-ash cupel, carrying 
with it all the baser metals. 

White Uadj so much used in painting, is a com« 
pound of the yellow oxide and carbonic acid ; or a 
carbonate of lead. It is made by exposing plates of 
pure lead to the warm vapour of vinegar. By this 
they are gradually corroded, and converted into a 
heavy white powder, which is white lead. 

When the carbonate of lead is dissolved in dis* 
tilled vinegar, a salt is obtained, which crystallize^ ' 
and is called commonly sugar of lead; more pro* 
perly aceMe of lead. All the salts of lead have a 
sweetish taste, and are of a poisonous quality. 

The affinity of the muriatic acid (hydrochloric 
acid) for the oxides of lead is so great, that the 
latter decomposes all the combinations of this acid* 
They decompose the muriate of soda (common salt% 
and thus form muriate qf lead, which^ on fusion^ 
afibrds mineral or patent yellow. 

Sulphuric acid does not act on lead when colld; 
but dissolves it at a boiling heat, and forms sul- 
phate of lead, which is insoluble in water. 

Chr ornate of lead, or chromic acid and lead, is a 
very beautiful yellow pigment. It is found native 
in small quantities, but is now prepared largely by ^ 
art. Lead is one of the most useful metals. It 
is much employed in covering houses, when made 
into thin sheets by casting or by millaig. It is used 
also for water-pipes and cisterns, and for a variety 
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of WeE-known purposes. It^ oxides are used in 
the manufectures of glass, and the glazitigs of 
0arthenWaird ; alsd £^s pigments, Preparatiotis 
of lead are also used as external applications in 
diseases. The alloys of lead with tin form sdldet, 
^nd (itiier alloys are employed in various iirtSt 



ZINC. 

This metal is chiefly procured from mhffiinei 
which i^ a kydrated ojcide of zinc; and frotn hkfide^ 
a sulphuret of zinc. 

Zinc is a whitish metal of the colour of tin. It 
is slightly malleable when cold; but heated to 
between «W and 800° it is veiy malleable, and 
has been mantifkctured into nails, drawn into wire, 
and made into dheets. 

It is often known among workmen by the hame 
of Spelter. It is easily fused, and is the most in- 
flammable of the metals; thin leaves of it will take 
fire with the flame of i taper. 

It is scarcely oxidized in the air at common 
temperatures^ but is rapidly converted into oxide 
when k^pt melted in an open vessel. Its surface 
then becomes covered with a grey pellicle, which 
is oa^ide of zinc. When zinc is made red hot in an 
open Vesselj it takes fire and bums with a brilliant 
flame, sending off white flakes of oxide. Hiese 
have been calledjf?oaw^ of zinc. 

Zinc decomposes wiater very slowly when cold; 
but with great rapidity when the vapout of Water 
is brought into contact with it ignited. 

Zlne dissolves very readily in diluted sulphurie 
Acid; iformiiig thus sutpfmte ofzinc, or whit^ vitrioi. 
DuHttjg this sol«ti(»i>^ great quantity of hydrogen 
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gas is disengaged^ aild fjtis k one of the best modes 
ifprecBfingthftlgft?, 

The nitric and muriatic acidj* ]^@ ^t |}p«!i ^Ui^ 

It ew be aUoy^ with irioft ^tht oilier jaidtaiiu 
With coppeTf it foims i^/vw* ^ 

ANTIRJONV, 

^^timony is rarely foun4 nativp. It is prp^^ecl 
frqm an ore called crude antimonif^ which is a sijl- 
{ihui-et 6f antimony. 

Antimony is of a silvery white colour. It |$ sO 
brittle, that it may t)? pulverised in 21 mbttar j &|id 
it^liitertpr tpxture apjpeaf^ tp b6 scaly or iamfeUa^. 
It tequires 800** to fuse it. It ioed pot change i|i 
the ^ir, b^t when kept in fiisipfl at 21 red heat, \t 
etiiits ^h|t6 fiimes, feotii^isti^g of ?m 6?dd6 foruj^rfy 
qafted^tt;i?r5 qfantimmy. 

There ai'e two oxides of antimpiiy^. 1^6 wvtoi^- 
i(k is procured by precipitating the muriate t^ 
aijtimopy by potash. It is of a grey colour, flie 
"pirqa^i^e is forpied by tausing the mtric add to act 
u^U the metal, or by coJiecnu|f the fetpes dtead|- 
i&jpntioiied as the flowers of antinjony. It h \trtilt^ 
%6 oi^despf antimonvare vpty valusublp ft!edi0iie!3[. 
tWtrate of potash and antimony fottp emet^ tarmt. 
Jameses pmder is composed or phosphate 6f Ifajie 
and antimony. Kermes^s mineral is mad© fropl siul- 
phuret of totimony by potash. 

Antimony^is also used in printers* typfeS j attd hi 
specula for telescopes. The sulphuret has been 
used for staining bait blat^k. 
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BISMUTH. 



Bismuth is found native^ and also combined with 
sulphur and arsenic. 

It is of a reddish white colour, brittle, and easily 
fusible. It is not quite so hard as copper. It 
is not oxidated by water; it tarnishes in the air, 
but does not undergo any other change. Kept 
melted in an open vessel, its surface becomes 
covered with a dark grey pellicle, which is renewed 
till the whole is converted into oxide. 

The oaide of bismuth is a yellow powder. When 
strongly heated it melts and becomes darker 
coloured. 

Bismuth dissolved in the nitric acid, affords a 
white powder, if water be added to the solution. 
This is the magistry qf bismuth^ or pearl white^ which 
has been used as a cosmetic, but very improperly, 
as it is apt to turn black by sulphuretted hydrogen. 

Bismuth dissolved by the . acetic acid forms a 
S3mapathetic ink. The characters written with it 
are invisible, until they are exposed to sulphuretted 
hydrogen, when they appear black. 

Bismuth alloys with all the metals, and has the 
property of giving them gTeat fusibility. If eight 
parts of bismuth, five of lead, and three of tin be 
fused together, they form what is called the fusibk 
metaly which melts in boiling water. On this ac- 
count bismuth enters into the composition of some 
of the soft solders. 

It has also the property of rendering gold ex- 
tremely brittle. 

ARSENIC. 

Arsenic, the poisonous effects of which are so 
well known, is a metallic substance^ sometimes 
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found native, but oftener combined with sulphur. 
The sulphuret of arsenic is called orpiment 

Arsenic is frequently mixed in metallic ores, 
and is driven off by heat. It is known by its'pecu- 
liar smell, like garlic. 

The colour of metallic arsenic is grey j it is very 
' brittle. It soon loses its metallic lustre in the air^ 
and becomes black. The oxides of arsenic have 
acid properties. There are two: the white paide 
qf arsenic is called arsenious acid. It is highly 
poisonous. It is soluble in water. It reddens 
vegetable blues. It is of a white colour, is semi- 
transparent, and brittie. Its taste is acrid, with a 
nauseous sweetness. The best way of getting rid 
of its action as a poison, when taken into the sto- 
mach, is to produce vomiting and purging. 

Arsenic c^id is a white deliquescent substance, of 
a sour taste, obtained by distilling nitric add off 
metallic arsenic. It forms salts with several of the 
metals. Arseniate of iron crystallizes in cubes of 
a green colour. The arseniates of copper are 
among the most beautiful minerab. The alloys oi 
arsenic with some of the metals are used for some, 
purposes. It is mixed with lead to assist its 
granulation in making small shot. It is also used 
in making flint glass, and in calico-printing. 

NICKEL.. 

Nickel is a rare metal. It is white, much resem- , 
bling silver; and possesses, like iron, the magnetic 
property. It is not easily fused, and it is malleable. 
It is rather softer than iron, and soon tarnishes in the 
air. It is found native, and combined with arsenic. 

Nickel dissolves in the acids, and its salts are 
distinguished by their fine green colour. 

I 3 
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It fonps two oxides^ the black and the ^^* 
Mckel alloys with most of the m0tais, 4pd it i% 
found aiioyed wifb irbii iti those masses that fall 
ffom the atmbspiiefe, galled nietfsQrtc stones, ^he 
dW^h of those lapid^ous masses that appear iii sp 
extraordinary a manner is entirely uiikndwn: Biit 
^6 nljriiefoas Weil-iiithghticatfeci accounts we h|iy§ 
had 6f the iket j>U£ it tlbW beybhd dispute, ^ey 
!lf g firSt Sg^ft dS lar^^ ftietebrs, 4t a great lieigni in 
tnfe air, which siida^nly biif st with aii eiplpsiojijj 
ifid the frsigmellts are seeil tb fall to the earth. It 
is Vfefy teMarkdbig that theif bompositiop is 4wayS 
. ih^ ganife, aithbtigh they havd fallen^ at inafiy diner- 
©ttt tiines, ahd in diflrerent places. They always 
fcbhtWft native itbn allbyfed with nickel, in graii^s 
iffibedded ih a ^otiy iiiatter. The substance of 
these mfetgcrt-le Atones is iibt like any bodies which 
06 fbttild ill the fearth* Jii Ij^S. bne weighing 

*6ibs. Jfeii a Ybi^kshire. ' ^ • 

Tl^ metal is A%v^ (bikwi tttttlv^; Ittde^d Wa 
iGUrMtioh for oxygen is *t) |)bwet^l} that it i^ With 
(fiffictalty prBfeervttti in th* itietallic state. Wh^ 
prn^ it is ef h greyish colburj miifeh lik6 ekst itoilj 
and not t^Hmiffi^. It M&Vl tArhfehfes^ and Ai kst 
becomes black. This change takes place more 
rapidly, if the metal bi& ^fealtd, or put into water. 

There appear to be two oxides of this metaj : the 
pt^^Mby Which is of 'A greenish cblbiif j and the 
pM^ki^, whith is Steel black, iarid has a cbhsi- 
defafelfe Itibtre: the latter is found iri abundance, 
partibularly neat Exeter, and is much used in 
blfeadlitSg, ^ild also fbi- procliring oxygen gas, as 
it pmis With It feiwpiy ^ the appiijcatioi? of heat. It 
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qpi)taip^ oj^e-third of its weight of oxygen. TJiis 
op.d^ is sometimes very beautifully crystal lizedp 
I^^ngj^nes^ i§ also employed by glass-makers to 
4^3troy thp greenish tint of glass- and ibr making 
yiolet-coloured glass. r:- -^ i .*^.i,;j. .Tf. 

Aliiipsj aU the salts of manganese ar^ splul^le iu 
water. 

COBALT. 

Cobalt is never foupd but ii^ a state of combin- 
ation. It is met with united to sulphur, arsenic, and 
ojtber metallic substances. 

T^e ore? of cobalt had b^en lon^ used pt giving 
a blue colour to glass, before its )ttet^lic O^tufife, 
was khbwm 

Irhe metal itself is not d^ppliejd to atty use. Whefl 
puf ej it is a f eddish grey coioUf ; mhe^ soft MiA 
brittle. Like iron, it is attraete4 hy the ihagnet. 
li is not oxidized by the ^if tior by water, tt is 
cotiyel^ted into a deep blue by exposure to heat 
and Aaiiie. 

Hiere are tWo oxides of cobalt. *rhe pHtoxide 
may be formed by precipitating by potass, a sqIu- 
tion of cbbait in nitrip acid. It i$ of a Wije cdldur 
when ^rst precipitated, but becbittes blaclc bv 
absorbing oxygen. To recover the blue trblour, ft 
must be heated red hot, by which the oxygen is 
expelled. This oxid^ dfiB|£|[)lfes in acids. The mu- 
riate of cobalt is green,»and forms a sympathetic 
ink. Letters written with it aire invisible, until they 
j^re warmed, ana then tjiey ^ppeai* 0? a line greeij j 
^hen cold they disappear agam. 

*rhe peroxide of cobalt is procjured by drying in 
the air, with heat, the protoxide just predpitate4> 
by this the protoxide absorbs oxygen, and becomes 
the peroxide- Jt is black. 

1 4 
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120 XOX.TBDEKA*-— T0NO8TEN. 

Ores of cobalt are very valuable^ Zqffre is a 
substance produced by roasting the ores of cobalt, 
by which the volatile matters (generally arsenic 
and sulphur,) are driven off; the remainder is then 
fused with sand or pounded flints. A blue glass is 
thus formed, which, when ground and washed, con- 
stitutes the pigment called smalt. 



MOLYBDENA. 

Molybdena is found in nature combined with 
sulphur; forming the sulphuret qf molybdena^ which 
resembles plumbago in some of its properties. This 
mineral is of a bluish colour, more brilliant than 
plumbago, and makes on paper a trace of a grey 
tint. The cnetal has only been procured in small 
grains, which do not differ much in their pro- 
perties from the sulphuret. It combines with 
oxygen, so as to form an acid called the molybdic 
add. The molybdate of kad is a beautiful yellow 
mineral. 

ThQ protoxide of molybdena is a tasteless pow- 
der of a brown colour. Molybdena alloys with the 
pthermetals. 

TUNGSTEN. 

A mineral called tungsten^ or ponderous stone, 
affords a peculiar metal. This metal is capable of 
being acidified, and when in this state it is joined 
to lime, it forms the tungstate of lime. 

The metal when pure is much like steel, and is 
one of the hardest of the metals; a file can scarcely 
make any impression on it ; it is also the heaviest, 
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except gold and platinum. It is not used for any 
purpose. 

When heated in an open vessel it is oxidized, 
and there are two oxides of tungsten. The pro- 
toxide is of a brown colour, and when heated it 
bums, and is converted into the peroa^ide, which is 
yellow, and has some of the properties of an acid, 
being capable of combining with salifiable bases. 

The mineral called wolfram is composed of 
tungstic acid^ manganese, iron, and tin. 



OSMIUM. 

This metal was discovered by Mr. Tennant, in 
the ore of platina. The metal is of a dark grey 
colour, and is oxidized when heated. Its oxide is 
volatile, and has a peculiar smell. It is little known, 
and has not been fused. 



IRIDIUM. 

This metal was also discovered by Mr. Tennant, 
in the ore of platina. It is of a whitish colour. 
It is fusible, and malleable. It unites with oxygen, 
and alloys with the metals. Its combinations are 
little known. 

RHODIUM. 

Dr. WoUaston discovered this metal in the ore 
of platina. It is very infusible, and forms malleable 
alloys with the malleable metals. It unites to 
oxygen like all the other metals, but is very little 
known* 
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PALLADIUM, 

This metal w^ digcpygr^d by Dr. WpUastop^ 
wJiQ fflfind it in the qre of plafiqfL Its cplQjjr i§ 
c^ a duller ^^ite th^p fk^^n^ } it i^ ^i^le^^^le ^i^ 
df^:^!?, ^^4 for i^^(^n it r^i^if es ^ f^rooger l^fwt 
tha^ f^ gold* II; ^f f^hef |iar4P? *iw iipjtj. 

It ^J^^ ^t^ Wlp^jiri aB4 \^ aQ^4 q^ by ^he 
acids, but n^q^t rp^dUy by th^ pitrprpiiifi^ic^ 

It forms alloys with other metals, that with 
gold has been usefully employed in astronomical 
instruments, as it is hwt^i ^^ does not tarnish. 



CApMmM. 

thk "fiet^^ yf^ di^ppyerpd by M. S|;romey^, in 
l8iy, in ores of zinc, particularly jn brown fibf ous 
blende. It resembles tin, but is rather moi-e fusi- 
ble. It does not tarnish in the air. 

It readily disolyes in Amdfii but its salts are lit^ 
tie known. It is a rare metal, and not applied to 
ai^y us^ 

tEtLU&IUM. 

This metal was discovered by MuUer iii 1782. 
It is of a bluish whitQ ecA^^r^ pf considerable bril- 
liancy. It is extremely brittle ; melts in a heat a 
little gfp^ter than that required for lead.. It is so 
volatile that it ipay be distilled like mercury. 

It^ Qxide has acid properties. It is fbrhied by 
blaming the met^l j a white smoke is disengaged, 
which is the oxide. It may be also obtained by 
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dissplvingf the m(»t*l in nitrpmui^aitiq aci4, aqd di- 

l^jing ths solutioQ i/^ith a Wrgp quaptit^ of ^^^ter- 

Jllliiriium combijifes witti h^drp^en. ^nd ^|t^ it 

ioTtns a gaseous ^ifbgt^nce^ Ga|l$id |;j^]Ji|f*ett^4 ^Yr 

^ Thi? njei4 is «cari?ej 3p4 ite combinj^tiow y?1t 
little known. 

TITANIUM, 

This metal is rarti. R #as discovered in a 
mineral, found in Cornwall, called menachafiffe. 
li was aftei*W$r43 WdcUfed froi^ ^noth6f tattteral, 
iitantte, ahd soffie others. *fhe ffi6t^l whfetx pufg 
is brittle, very infusible, pf a brasB bf. eopOSi* po- 
lOUf, (gasUy tatiiistied iti the aif, md oxidfees bv 
heat. *rhei?e appear to be thr66 oxides of ttt$tiiUi4 
the blue^ the red^ and the ^hiie. 

*rh6 Ofes df titafitom ate eithef pilrfe C!yst^li2ed 
ditide, ot the oxide united tO frofl, bt to Sifex. 

l%i$ iufabt^iMe^ iittlf J^aoyH in |he iti#teUie ftt*te, 
is important tm AcoiHint of th0 fin^ pigf»«o$t it 
a^rdiv U id $a|^9blfi of being acidi^d^ md tbjft 
dbromije ^cid ft)fi»tf wlto^ Ttie brautifiil ^i^erftl 
drited l^kmi V Siherk, is 4 ehrom^ ^ fea^k 
This isi HOW ^rtUii^aUx pr^w$i{4 m4 is A ¥Qr/ V«r 
lil^le Mid him^iM yelh\i^ p^m^nt* Tbi^ chro- 
mic a6id flisd 00^ to ifott^ the ebro9i9le <^if/w 
being found native j and it is from this that the 
chromic acid is procured and united to lead, to 
form the chromate of lead. Chromate of iron is, 
therefore, mizch sought after* and is found in 
greatest ^butidance in America, fippi whence our 
cplour-f»a}ce^'s .chiefly pfocur^it 
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The pure metal is of, a tin colour; it is very 
brittle, and is said to be magnetic. It is very in- 
fusible, and is not altered by the air, though when 
heated it is converted to an oxide. 

Besides its acid, it seems to combine with oxy- 
gen in two other proportions, forming the green 
and bromi oxides. 



URANIUM. 

This metal was discovered by Werner, in a mi- 
neral called . pechblendej a blackish mineral re- 
sembling pitch. 

Metallic uranium is brittle, and very infusible. 
It is of a grey colour. It is obtained with extreme 
difficulty, and littie known. 

Its oxide is greenish-yellow, and is found native, 
resembling green mica, and also in an earthy 
state. 

COLUMBIUM. 

This metal was discovered by Mr. Hatchet in 
analyzing an ore from North America. It has 
since been found in the minerals called tantalite 
and yttro-tantalite. The metal has been procured 
by Berzelius. It is of an iron colour, hard and 
brittle, and passes into an oxide at a red heat. 

Its oxide is white. Its combinations are littie 
known ; but it is one of the acidifiable metals. 

CERIUM. 

This metal was lately discovered by Berzelius, 
in a mineral which has been called cerite. The 
characters of the metal are imperfectly known, as 
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it has been scarcely seen. The oxide of cerium 
(cerite) is found native. There appear to be two 
oxides, the "white and the red. 



SELENroM. 

Selenium is a metal lately discovered by Berze- 
lius in the sulphur of Fahhun, in Sweden. Its 
metallic lustre is considerable, and colour grey. 
It easily fuses and volatilizes before the blow-pipe, 
with a smell like horse-raddish. It alloys with the 
metals. It dissolves in nitric acid, and forms with 
it a substance which is considered as a new acid, 
selenic acidj which imites with alkalies, forming se* 
leniates. 



VEGETABLE SUBSTANCES. 

Animals and vegetables differ essentially from 
minerals, in the two first possessing life and various 
organs fit for maintaining it, which is called or,ganic 
structure. Through these organs, various juices and 
fluids circulate internally, and thus dccasion the 
growth of the animal or plant. In mineral bo- 
dies this is not the case j they increase in size only 
by successive portions of matter adhering to the 
outside, nor is there any internal motion. 

The" principal ingredients of all vegetables are, 
oxygen, hydrogen, and carbon : sometimes they 
contain also a little nitrogen, and other elementary 
substances ; and although these elements are few, 
yet, by many varieties in their proportions and 
modes of combinations, a great quantity of proa:u 
mate constituents aie produced. 
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Vegetable stibstahces may be decomposed, 6r 
separated into their elementary pritidples bj^ v^tious 
means ; by heats, by acids, and by fferrtientatioii : 
some of these processes occasion not only decom- 
position, but also new copibio^tions of the elements 
that did not exist in the living bodies. 

Tbp pripqipa^ i^ubpt^cgp pf whiphiall vfge|ftWes 
(^^nsist »r^ 



Muciljige, Of gutn^ 


Woody fibre, 


Sttgarj 


Colpumg ^liatter, 


Fecula, 


TwWi 


Gluten^ 


Wax, 


Hxed oil, 


damphoi^, 


V(»Iatite eil> 


Bitter pri^biple^ 


Resin, 


Narcotic principle. 


Caoutchouc, 


Vegetable acids. 



Mucildgey or gum. — Various parts of vegetables 
impart to water, particularly if boiled with them, 
a certain viscous consistericjr : the subst^hd^ so 
dissolved is called miccilage. Spme trees suffer 
their ttmcilage to transude, either spontaneously 
or by incisions nrtjide in them. When it has 
become concrete by cjrying in the aiy, it is called 
gum. 

Girm is soluble In w^ter, but not in oils or al- 
kohol, the latter of which precipitates it from its 
solution in watef. It is insipid j it does not un- 
di^rgo any change by exposure to the a}r when dry. 
The gums of different trees difffer consi4ei'ably in 
their properties. Gurfi arable may be considered 
fis £t very pure gum, Cherrt/^tree gum and gum 
Iragacanth Ai) not dissolve in cqld water j but dis- 
solve in boiling water, and, on coolmg, assume the 
state of a jelly. 
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©tifn cbnsistsi b# carbon, bxygen, and hydrbgfen. 

Sugar. — The sugar in common use is extfdcted 
from a earie that grows only in warm dihiates, called 
the sugar-cme; biit it tnay ilso be procured ftoin 
all swfeet vegetables. The American itojple-tree 
aflTords a great deal of sugar, and this uspnil sub- 
stance has been made from the beet-root, car- 
rots, &c. 

All (Sugars consist of carbon, oxygen, and hj^dro- 
geti ; but it appears that sugar from the; tane 
contains more carbon than other sdgars. Thjlt 
obtained from some vegetables will not crystallize, 
Stigar is first prepared in the countries where it is 
grown, by boiling the juice and evaporating ; otlfe 
part of the juice crystallizes, ahd forms the raw or 
mudcovado sugar ; the other jpart, the tnolaiSsed Or 
treacle, will not crystallize. The raw sugar wheti 
brought to this country is re-dissolved and crystal- 
lized stgatn, which is called refining ^ by \!^icn the 
lo0f-sugdr is made. To whiten it completely, clay 
is put upon the tops of the conical pots in which 
the sugar has granulated, which allowi^ water to 
percolate through, and thus drain off the last re- 
mains of the molasses. This is called claying; the 
sugars. 

JFecttfe, or statch. — This substance is contained 
in many seeds iand roots. It is separated by bruising 
the vegetables contaiiiing it in Water, apd stirring 
them together. The fecula separates in the water, 
making it appear turbid. The white fluid is pour- 
ed off and suffered to settle ; the starch subsides 
to the bottom. Starch is made mostly from wheat j 
it is also made form potatoes. Starch is a white 
substance, insoluble in cold water, but soluble 
in Warm. Its solution is gelatinous, and when 
sdid it resembles gum : this, when dry, is a com. 
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pound of Starch and water. Starch is not soluble 
in alkohol. 

In the process of converting grain into malty the 
starch or fecula is changed into sugar* It may 
also be converted into sugar by boiling it with 
diluted sulphuric acid. 

Starch consists of carbon, oxygen, and hydrogen. 

Gluten. — This principle is found in various vege- 
table juices, but most abundantlyin wheatflour. It is 
separated from it by washing, with a stream of water, 
a paste made of flour and water, at the same time 
kneading it between the fingers. The water car- 
ries oflFthe starch gradually, leaving the gluten be- 
hind. Gluten is insoluble in water, and is elastic 
like elastic gum. It has no taste, and, when dried, 
becomes hard and brittle. It considerably resem- 
bles animal gluten, furnishing ammonia by distil- 
lation. 

Fixed oi/.'— This is obtained by pressure from 
certain seeds and fruits, as the oUve, linseed, rape 
seed, almond, &c. The fixed oils differ much ; 
some being nearly solid, are called vegetable 
butters. When expressed, they are generally mixed 
with some mucilage, which occasions them to turn 
rancid. They may be deprived of their colour by 
charcoal. Fixed oils dissolve sulphur, and then 
form balsams. They also dissolve phosphorus. 

Fixed oils are very cpmbustible, and, when 
strongly heated, yield olifiant and carburetted hy- 
drogen gases. . 

They form soaps by being combined with alkali. 
The best soaps are made of oUve oil and soda ; but 
common soaps are made with the animal oils and 
fat. 

Transparent soap is made by dissolving soap in 
alkohol, and then concentrating the solution which 
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is of a gelatinous consistence, by distilling off the 
alkohol. 

Fixed oils are much used for painting, as they 
are of a drjdng nature : they are rendered still 
more drying by boiling them with the oxides of 
metals, as litharge. 

Volatile oi7.— -This is also called essential oil. 
Many vegetables afford essential oil by expression, 
or by distillation. When dissolved in water they 
constitute perfumed essences and distilled waters. 
They have much odour and taste. They are in- 
flammable. They are volatilized by a gentle heat, 
and evaporate entirely when pure so as to leave no 
trace. The chief essential oils are, the oils of tur- 
pentine, spike, cloves, oranges, lemons, lavender, 
&c.^ Many of them bear a high price. 

Resin. — The resins are an important class of 
vegetable substances from their application in the 
arts. They are very numerous, and often exude 
spontaneously from trees. Common resin is obtained 
from the^r : a juice exudes from this tree, which is 
common turpentine: this consists of the oil of turpen- 
tine and resin. When the essential oil is separated 
by distillation, the resin remains. Mastich is a resin 
obtained from a tree that grows in Turkey. San^ 
darach is the resin of a tree in Barbary. Copal is 
a resin from a tree that grows in America, and is 
a very valuable substance for varnishes. Lac is a- 
resin made by an insect in the East Indies. It is 
very useful in varnishes, and in sealing-wax. Am- 
her is a substance resembling in its properties the 
resins, but it is only found in the earth, or washed 
out and driven on the shores. All the resins are 
insoluble in water, but soluble in alkohol, especially 
when assisted by heat. The greater number are 
soluble in the essential oils, and some are so in the 
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fi^ed oUi^ They ?ire also dissolved by alkaline 
lys, and by the acids. Resins consist of oxygen, 
cajffjon, and hydrogen ; and thpy are sup^posed \o 
b^ vplatUe o^ls saturated with oxygen. 

BiUmen i^ a substance havipg some analogy 
with oils and resins, although differing in its cqnsti- 
tuents^^ and l^eing also a mineral body. P^ire bitu- 
men is called naphtha^ which is transparent, highly 
inflammable, volatile, of a pungent odour ; it is foun4 
in certain wells, and there are springs of it in several 
parts of the world. When naphtha is exposed to 
the air, it thickens, and becomes dark coloured; it is 
then called ^eifrpfet^w, which is procured in th§ same 
ni^nner, and is used for burning in lamps. Maltha 
or mineral pitch is a still farthfer thickened bitumei^ 
and when it hias become solid it is called q^s^kaltun^ 
Capu^hoicc. — This is |he substance usually 
known by the name of Indian rubber, and some^ 
times elastic gum. It was first brought^ J^rom South 
Afuefica. It fexudes as a uiilky juice from ^ tree, 
which thickens and hardens by exposure to the 
air. The natives form it into bottles by covering 
bal|s of clay with this juice ; the clay is afterwards 
washed out after the caoutqhouc issqli^. When 
caputchouc is pure, it is white, the black colour 
being owing to the smoke ysed in d^^yipg it. This 
. substance is extremely elastic. It is perfectly inso- 
luble in water, but it may be softened by boiUng, 
sp that itjs edges may be united together. It is not 
soluble in alkoliql : l^ut it is soluble in ether j and 
when the ether is evaporated, the caoutchouc re- 
mains unaltered iu its properties : by this means 
tubes and other instrunients might be made of it, 
but the method :^o^ld be too expensive. It is so- 
lubjl© in so?!^ of the fixed and essential oils, as in 
sp^rnft^ceti ^d ia c^ of cajejo^t. 
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W^odtfjibre. ~ When a piece of ttrood haSbeetaf 
boiled in water and in alkohol, until the soluble *cib- 
statices have been extracted from it, ^liact retoatiis 
insdluble is the woody fibfef, or Ugftkij which is €k€ 
basis of wood, and consists of long fibres, hatvtri^ 
a considerable degree of transparency, withorit 
taste, and imalteraMe by the air. It is insolubte ftl 
water and alkohoL It is very inflamtnstble ; an^^ 
when distilled in a close vessel, jietds an add Sub- 
stance formerly thought to be a distinct acid called 
the pyro-Kgneous, but now known to be the ace?CJd 
acid with an empyreumatic oil. Pure Acetic aeM of 
vineg^ is now made from wood by distflktitHl. 
Wood consists of oxygen, carbon, and hydrogertf ; 
when burned, the carbon remains, coristrtritfaig 
cJtmvoal. 

Colouring matter. — Tfce colours of Vegetables 
are owing to peculiar matters, which are exttemely 
numerous, and but little known. Many of therii 
are ysed as dyes arfd pigments. The extraction of 
colouring matters from vegetables, spad fixing them 
on ctp^hs^ constitute the arts of dyeing and caltcd^. 
printing (which see). The cotouring matters 
sometimes are inherent in gcrms, sometoeS' irt 
resins, sometimes in fecula; con^iequentl^ they* 
require different chemicar agents fbrtneir solulSferti^. 

Tannin. — This principle is so caRed becaulse it 
is employed in the art of tanning leather. It is 
also called the astringent principle. - It is" fotmtf 
abundantly in the barks of several trees, p^^rtictt- 
larly the oak, and also in certain seeds. 'Irr&g^i 
nut and grape-seeds afford very pure tannin j anrf 
a substance called catechu^ from India, consists' 
chiefly of it Tannin is distinguished by its 
forming a precipitate with glue^ or isingfasS. This 
predpitate is insoluble in water, and* is that wMcH 
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is formed when skins are tanned and made into 
leather. 

Wax. — This substance appears to be formed by 
bees, by some animal process. It is also a vege- 
table substance, for the polish or varnish of leaves 
is owing to a coating of wax ; and in some vege- 
tables in Brazil wax exists in considerable quan- 
tity. Wax is insoluble in water, but sparingly 
dissolved by boiling alkohol. It is dissolved rea- 
dily by the fixed oils, and then forms cerates and 
ointfnents. Wax contains a large proportion of 
carbon, with hydrogen and oxygen. 

Camphor. — This substance is brought chiefly 
from Japan, and is distilled from a species of laurel. 
It is white and semitransparent j it is very inflam- 
mable, soluble in alkohol, and sparingly so in water. 
It is very volatile, and capable of converting into 
an acid, called the camphoric acidj which form 
neutral salts called camphorates. Camphor resem- 
bles essential oil in many of its properties. 

Bitter principle. — It is supposed that this is a 
peculiar principle. It exists in many vegetables, 
particularly in quassia, gentian, hop, &c. When 
extracted, it is of a brownish yellow colour, and 
brittle when dry. Its taste is very bitter. It is 
soluble in water and alkohol. A variety of it is 
supposed to exist in unroasted coffee. 

Narcotic principle. — This has lately been called 
morphine, and is found most abundantly in opium, 
which consists of this together with several of the 
principles which have been just described. It is a 
violent poison when taken internally. When pure 
it is white, without taste or smell. It is soluble in 
boiling alkahol, but is scarcely acted upon by water. 
From the rapid progress of chemistry, many 
other vegetable substances are considered as pe- 
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culiar principles ; but it would exceed the bounds 
of this work to describe them all in detail. The chief 
among them are suber, or apeculiar substance found 
in cork ; a^aragin, found in asparagus ; medvUm^ 
from the pith' of the sunflower ; fungin; the fleshy- 
part of mushrooms, &c. 

Vegetables also contain several acids ready 
formed. Vegetable and animal acids difier from 
the others essentially. They always contain car- 
bon and hydrogen : some of them contain azote, 
and generally, though perhaps not always, oxygen. 
They do not seem capable of combining with dif- 
ferent proportions of oxygen only, but whenever 
the quantity of this principle changes, that of the 
rest changes also. 

Tartaric acid. — Tartar ^ or cream of tartar ^ is a 
substance found in an impure state, incrusted on 
the bottom and sides of wine casks : when purified 
by solution and filtration, it is sold for use. This 
salt, which is soluble in water, consists of tartaric 
acid and potash ; it is therefore tartrate of potash. 
Tartaric acid when crystallized is imperfectly trans- 
parent, white, and does not deliquesce in the air. 
It is soluble in water. It combines with alcalieSy 
earths, and metallic oxides, and forms tartrates. 

Oxalic acid, so called from being first obtained 
from oralis acitoseUa, or wood-sorrell. It is also 
called the acid of sugar, because obtained from 
sugar by the nitric acid. It is proper that every 
one should know tliat oxalic acid is a deadly poison, 
and that many persons have lost their lives by 
mistaking it for Epsom salts, which it resembles. 
It is much employed for cleaning boot-tops and 
leather, and also by the calico-pnnters. 

Malic acid was first found in the juice of apples. 
It exists also in many other vegetables. This acid 
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If yevy sour^ m^ does not crystalliz^e ; it forms 
s^}^ Yfiih many of the metallic oxides. 

Qffllic aciiJly — Thjs acid is found in gall-nuts. 
|t pry§l::?^lli?es, and form$ whitish crysjtals, of ^ sour 
\i^t^^ and pepuliar smell. When galUc ^cid i?. put 
into a solution containing iron, a blaclf precipitate 
^ipp^r^. The l^asp qf jqk is iron tl^us preoipi- 
t^ted. Tq prodqcp good black ink, infuse o^p 
ppund 9f ,pow4^red gall-ni^ts for four hours, 
;^ithou^ t>piUng, ir^ cqpimon watef, with sij^ ou^^q^ 
9f gu^u-arabjp, ^nd six ouncqs of sulphate of iron. 
yf\^ gpl^i gallic aoid fprms a brown preqipit?^t« ; 
witl^ silver^ ^ grey ; with mercury, au orange j with 
ifppper^ a brpwh % ^nc^ witl^ l^ad, a white, 

Citric acid is procured from the jpice qf leiUQUs 
^nd other fruits. It is cs^pable cf cryst^lli^ng. 
^ts crystals are soluble \^ water,, aii4 v?ry squr. It 
fp^fu^ citrates with the ^^ths, ^JkaUesji ^1x4 ,P[ietat^. 
It is much used in calico^pp^mti^g. It is 4sp usq4 
^px discharging spots of inl^ ffQU> linen. 

Bmzuic acid is ohtaiued from gum,.l?iei^5wii3^ or 
benjamin. It is a orystallizable acid. T^i;e cpn^- 
ppui|ds which it forms arc called ben^oc^tcs. 

^ix^c acid is found in Peruyi^ia bark.. 

FJKiMENTATION. 

If ijiucilaginbus saccharine vegetable substa!nces 
be subjected to the action of water and heat, (from 
iSbiS 70 deg. Fahr.) they e^^perience, in a very 
short time, d Very striking change. An infe^fnal 
c6mm6tion takes place, the mass grows turbid^ a 
large quantity of air-bubbles, consisting of carbonic 
^cid gas, are disengaged, which, on account of the 
viscidity of the matter ill which they are inclosed, 
ferni" ^' stra^m oh* the surface of the ift'uid, knp'wn 
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h^ the name of yeast After a time tHeS^ Appeir- 
afices cease; the ffermetited liquor becoines clear 
; &nd tririisparent, and rib more gas is dischiarged. 
THe Kqiioi* now has lost its sweetness arid vii^ciciity, 
and has acquired the vinous t^ste iahd intoxicktihg 
qii^litjr. Sugar appears to be e^sefitial to this pro- 
fees^'; ^*id ^Hmiidlagliipus substaribes coi^tainirig 
Sugaf iire cafiable of tiiis fermentatioii, WnicSh is 
fcdlled thfe vinous. 

Wih6 is ttiade ih thife niariner from the juice hf 

the ^rape j if the fermentatioii be cKeclcedf wh(Sn 

at its height, by extluding the iit*, the ^i^e begins 

to fef meht ane\^, arid effefvesee^ wbeii %aih ei- 

'pofefed lb the air. Thfe sparfcliri'g winfes, ks thaffi- 

pagne, are prepared In thi^ marinel-; irid hehce 

Should be cbiisidered as imperjfect wirier. 

' To prepare vinous li^iiors from ^illh oi* fcbrri, it 

■iMk SM be coii verted intd rhalt^ by ^edping ii in 

^ Watfer,* khd theh exjiosino;^ it to the air, tiirriing it 

'ttlifiiieMy tivhi ,' by tHi^ process, the gliitdii 5f 

^WWifc' tBfe ^enfi consisfs is sfeparated, arid tlfe 

'fiiiaiE is fed'iiVerted ih^B ^(igat by the germitiatio^fi 

Bl^er isl made by boiling the malt in Water, ^fach 
j)rddudes a sweet liquor called ti^or^; thi^ is con- 
-i^^Hed itito beer by fermentation and the addition 
hfhopif which furnish d bitter substdnde. 

Wine, beer, and all fbrmentfed liquors, owe their 
iritoxicating^ qualities to a pefculiar stibstande which 
they febrttain, and which is the produce of fermen- 
tatJdri aiione. This suhstance is a, fluid called dt/cd- 
^otj or spirit of wtnCy and may b^ separated in a 
^lire state by distillation. When first obtained !t 
is mixed with a quantity of water, but if it b^ re- 
distilled, it is obtained very pure, and is then called 
rect^ed alkohol; Alkohol is of a strong heating 
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taste^ of a peculiar penetrating odour^ and it is 
very inflammable and volatile. It dissolves resins, 
essential oils, camphor, sulphur, phosphorus, &c« 
It is composed of hydrogen, carbon, and a small 
quantity of oxygen. 

Strong acids and alkohol have a considerable 
action on each other, and this produces ether, which 
is a fluid still more highly volatile, inflammable, 
and odorous. Nitric acid with alkohol produces 
nitric ether, and sulphuric acid in the same way 
produces sulphuric ether. 

When wine, or any fermented or vinous liquor 
is exposed to a heat, from 75^ to 85S Fahr., and 
access of air is permitted, the fluid becomes turbid, 
and a new change of principles takes place. It 
loses its taste and smell, it becomes sour, and is 
converted into vinegar, or acetous acid. Though 
vinegar is chiefly prepared from fluids which have 
undergone the vinous fermentation, yet this is not 
necessary to the production of vinegar, for simple 
mucilage is capable of passing into the state of 
acetous fermentation. When the saccharine prin- 
ciple predominates in any substance exposed to 
th6 necessary conditions of fermentation, alkohol 
is produced ; when mucilage is most abundant, 
vinegar or acetous acid is the product ; and when 
gluten is predominant, ammonia will be discovered, 
and putrefaction will take place. 

Common vinegar may be purified, or concen 
trated by distillation, and it is then called distilled 
vinegar. This, however, still consists of the acetic 
acid and water. To free the acid from the water, 
distilled vinegar is saturated with some metallic 
oxide, and an acetate is thus formed. The acetate 
is then heated red hot in a retort, by which it is 
decomposed, and the acetic acid passes over pur^/ 
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Acetate qf copper or verdigris^ and likewise ace-^ 
tate qf lead^ are used for this purpose. Acetic 
acid is very pungent and caustic. It is very vola- 
tile, and combines with the metals, earths, and 
alkalies. 

This acid may also be obtained from wood, by 
subjecting it to distillation in a retort. In this state 
it is very impure, being combined with a quantity 
of empyreumatic oil. This was formerly eddied jp^- 
roUgneow acid. When separated from impurities 
it is essentially the same with vinegar, and is now 
employed for the same purpose. 

The last change, or Hnal decomposition that 
vegetables undergo, is called the putrefactive fer^ 
mentation^ or putrefaction. Without moisture, heat, 
and a due access of air, this does not take place. 
By this vegetables are resolved into their consti- 
tuent principles, and ammoma is formed. 



ANIMAL SUBSTANCES. 

The elementary principles of animal substances 
are nearly the same with those of vegetables, but 
the former contain more nitrogen and phosphorus, 
and the latter more carbon and hydrogen. 

The proaimate constituent parts of animal sub- 
stances are the following : 

Gelatine, or animal jelly j is very generally dis- 
persed through all the parts of animals, even in 
bones, but exists in the greatest quantity in the 
tendons, membranes, and the skin. It is a Viscid 
substance, very soluble in warm water, but not in 
alkohol ; insipid, and without smell ; when cold, it 
congeals into a cohesive, tremulous substance. It 
forms the bj^sis of soups^ broths, &c. and imparts to 
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them theit nutritious c[uiiKtie8. When e^pokted 
i6 di^nessj if fbrms poridbte soupj size, ghd^; &c. 
The union of this latter substance in thfe skiii Witti 
tannin constitdtcs ieuthin liUtgOm is gelatliie 
procured from certain parts of several fish, |$ihi(}tt- 
Wrly the sturgeon. The tfhdons iind rhmbt(lh\ss of 
ik^ body ai-e chiefly gislatinb. 

'FUn^ t^t animnt 'Jibn,fbtnis the bksis bf the 
mpfectflar, br fleshy parts 6f animals; It is thfei^e 
comhiBed with albumen, atld remaitis with it dftfer 
«Iltbe Soluble parts of the flesh have beeii i^epar^ted 
by water. It may also be obtained from bH}i>d^ by 
wishing the cl&t or coitgulum in water, till ^ \^hite 
flbrooaf itf^tter remains. Rbriit i§ not gWflble ih 
fcdd wat^fj but isifeiry slighfty go in beilittg^iftef . 
It is Boliible ia mfis and dfkalie^/ tfnd by ks tiiiidn 
Wfthrthtt latttet ^ sodp is formed. eha|<tdl «ii- 
ployed thife projierty to make a so^p frbffi <frdol. 
It is very analogous to vegetable gluten. 

Albumen is the principal constituent of the serum 
of blood, aii^ is also* Ciuiefd ceagiitdbk lymph. The 
white of eggs consists almost entirely of albumen. 
It is ifefedble wifth cold watef^ bat is coagulated by 
beat, 'Whieh forms the best test of its presence. 
It n also coagulated by acids and alkohol. 

iVfiMce^.—- This substance in animais a|]ipear^ in- 
tended io lubricate or smooth certam parts of the 
body, and seems very analogotrs to a i^utton of 
gunk However, Dr. Bostdck has showii that it 
differs fro^ gelsetiue, as it calinbt iii cold water be 
brought i(y asasutne the gelatinous state. Tannih 
precipitates gelatine, but not mucus^ whereas sub- 
acetate of lead, (extract of Goulard,) forms a preci- 
pitate with mucus, but not with gelatine. Mueus 
is found in ^iva, tears, in the natestines, joints^ &c. 
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Jhey ar& mofstly §i0lid at the »^i^al t^mpe^'Mtt*©. 
They fnay Jbe rendfered fluid by teal, Oil is ob- 
tained in great quantities from certain fish, .j^ayrti- 
fiulayly the IvhAhi $eali ^V* iaiad fish. 0*1 contftiues 
fluid* It is y0ty ^ilnil^f to veg«ta1;>k oil in its otfc^ 
properties, l^^rfmi^ti popaewbat jrei^embl^ leax, 
^nd ^ qbtained from the h^eftd of % sp^gies pf wh^. 
Animal fibre may ha conv^rt^ JntP a $ub9toiHi3 
like ^^mtf<5eti bjr tr^tm^nt wi^h the nitric acid, 
pr by e«f|03ing it tQ a fetirrent of fuuning w^tef &r 
several months. This has been called ^djip^eii^. 
1% h^ b^ijj sl^fewn ia^ly Aat |ht is a o^n^ffctand 
body, consisting of piS^tjStftfWJ^ sfljid^nd muc^feKk^ 

for the nourishment of their young. Ai^ is ^eil 
Jfen^ySi pu& c# s|;?ni4ii^ fbr a day tl^pwai up et^am 
tq \h^ smrfa^e^ Ci^e^fm bai$ fftuch of the prpp^i^ti^ 
<fS^Vk pij,; and Yfl^n agitated li>f <)hurI^^^g, j^istti[r is 
sepal^^ts^ frcrtBi it. If milk stands ^^til it beoqq^^p 
^mXt it ^par?^e^ iato a Q4>«g^}^m ftUd a( whi^. 
Tb»P ^l«agfe i»4y fee^ more qompjetely effec?^d< 1^ 
a4di^ t^ tife^ ftrtlfe a SB[^U quantity of cer^ajiq su^ 
Sitances, $U5 icids^ pr r^w^*^ procured t>y bfpUipg iii;^ 
yt^^^ the ijjBQf ^oat of thti ^twftacji of 9. c^lf, 
Th^ coiagulum is^thus itf^d^ ii[K)re ^lid, and when 
prciSSi^ artdi dri^ it ioix^B cheese. 

|n artimai bodies there ar0 also found several p«- 
Quli^r a(^d& 

Th(e Ic^tU^ add is founid in pour wh^. It com- 
bines with th^ eartfesr and silkalies, forming g^lt^ 
called lactates. |t fjBsembles much the acetic ^cid. 

The urk acid is found in urine. The subsWnce 
voided witb tkp urine called gravel, and also thme 
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stones formed in the bladder called calcttU, are 
almost entirely composed of uric acid. This acid, 
however, exists in urine even in its most healthy- 
state. 

The amniotic acid is found in the liquor of the 
amnios of a cow. It separates in white crystals. 

The saccho'lactic acid is formed by acting on su- 
gar of milk, or on gum by the nitric acid. It 
forms salts called saccfio-lactates. - 

The sebacic acid is procured from animal fat. It 
becomes solid, is of a white colour, with a taste 
slightly acid. 

The Prussic acid has been described, p. under 
the name of the hi/drocyanic acid. 

The formic acid is an acid procured from ants. 

Animal resins. — Peculiar resins have been found 
in certain animal substances, as in the hilcj ambers 
griSj &c* 

Animal sugar is found in milk, also in the urine 
in certain diseases. It is similar to common sugar. 

Bloody when suffered to rest, separates into two 
parts ; the one a coagulum or clot, called the 
crassamentum ; the other, a fluid called the serum. 
The crassamentum consists of fibrin mixed with al- 
bumen and colouring matter. The colouring part 
of blood consists of extremely minute globules of 
a red colour, which float in the serum, and may be 
seen by the microscope. The red colour of blood has 
been supposed to be owing to iron which was oxy- 
dated by the air in the lungs, but this theory is 
now rendered questionable. The serum is com- 
posed of albumen, and also contains a small por- 
tion of alkali and other substances. It is coagu- 
lated by heat, the acids, and alkohol. 

Bone is composed of gelatine, another substance 
which seems to be analogous to cartilage or coa- 



Digitized by 



Google 



ANIMAL SUBSTAKCBS. 141 

gulated albumen, an oU, or marrow, and phosphate 
and carbonate of lime, besides other matters in ' 
minute portions. 

Teeth are composed of similar ingredients. 

Shells contain a greater proportion of carbonate 
of lime. 

HomSj nails, hoqfsy and quiUs arfi chiefly gelatine 
and albumen. 

Besides the animal substances above enumerated, 
there are various matters secreted or formed by cer- 
tain organs in the body, as saliva, the gastric juice, 
the bile, the Jluid of perspiration, &c., the nature of 
which is not yet thoroughly known. 

The examination of animal substances, called 
animal chemistry, is one of the most difficult, as 
well as one of the most important, branches of the 
science ; and a wide field is yet open for research. 

When animal bodies are deprived of the vital 
principle, and are exposed to the air, they undergo 
a speedy decomposition called putrefaction. By 
this they are resolved partly into their elementary 
principles, and some of these form new compounds. 
The first change is observed by the bodies altering 
in their colour, losing their elasticity, and by their 
giving out a very fetid and noxious smell. The 
greater part, in time, assumes a gaseous form, and 
nothing remains but a small quantity of earths and 
salts. 

One of the greatest improvements in chemistry 
has been that made in its nomenclature, which we 
owe chiefly to the French chemists. As the former 
names of many substances differ so entirely from 
those at present employed, that, without some 
assistance, many of the old writers on chemistry 
are not now intelligible to those acquainted only 
with the modern nomenclature, a list is subjoined 
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of tfce teifms which ittbst getieralfy occur in qld 
bookfii on this subject, together with those whicli 
are now adopted instead of them. 

(^ Mtmej^ arrmgtd 
Alphabetically, 

Acid of vitriol, phlogisticated 
-*- of alum "\ 

— of viiriol I 
**- of vitriolic Y " 
— ^ of sulphiir J 

— of pitre, plilogis^icated 

— of nitre, dephIo-1 
^gisticated - t 



•*- ffsaltge^^'e 

— Qfse^saltl 

— marine - J 
■— aerial - ' 

— ^<jWk 
•r- firet^^ceous 

— of charcoal 
•*r* mephitic 

~ of sp^r or flttor 1 

— sparry - j 

— of borax 

— ofarisenic 

— oftungste*V 
— • Ojf wol^fwa J " 

— of molybden^ 

— of apples 

— of sugar -1 

-^ sacdutfic / " ^ 

-^ of lemons 

— ofta^^ 

— of benzoin 

— of galls 

— ofamber 
-^ ofants 

— of pjiospborus phki- -j^ 

gisticated . / 

— of phosphorus de- ■) 

phlogisticated / 



Neu) Names, 

Acetates 
Sulphureous acid 

- Sulph^iric fiqi^ 

Ni^PttS ^pid 
Nitric acid 



- Muriatic acid 

- C^b^c acSd 

- fluoric acid 

- Bora^ic acid 

- Arseni^ acid 

■ T^sti^j.^id 

- ¥olj6dic acid 

- Malic aq^ 

- Cbtah'c acid 

- Citric acid 

- Tartareou&aciii 

- Ben^pic acid 

- Gral.lic aciid 

- Succinic acid 

- Formic acid 

^ Phosphorus acid 

- Phosphoric acid- 
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Old Names arranged 
Alphabeficall^j^ 

Acid offi^ 1 

— sedative j 
-r* o|}ac- 

— ofmilk 

— of the sugar o^ paiik 
Air - 

— dephlogistic^^'l 

— empjfreal - ( 

— vital - . r 

— pure - - J 

— impure, or vitiated] 
-^ burnt 

— phlogisticated 

— inflammable 

— marine acid 
dephlogisticated ) 



'! 



i 



] 



— marine acid 
— — hepatic - 

— fetid of sulphur 
Air fixed - > 

— solid of Hales y 

— alkaline 
Alkalies, fixed 

' volatile 

-^ concrete Tolali}e 

— — caustic 

— — effervescent, ae- 7 
rated, ac mild J 

*~ vegetable 

mineral or marine 

—— — PrussiaB - 
Alum 

Antimony, crude 
Aquafortis - 

regia - 

ammonia pura 

Argil, or argillaceous earth 

Bezoar mineral 

Black lead - 

Borax 

Butters of the metals 

Calces, metallic 

Ceruse 



Sebacic acid . 

f^accic acid 
Lactic acid 
paccho-lactic aci4 
Qas . 

Oxygen gas 



• Nitrogen^ a2ote, or azotic gas 

". " f ^ - 

- Hychx)gen gas 

- Muriatic acid gas 

- Oxygenated muriatic add gas, 

or chlorine > '" 

r Sulphureted hydci^^ 

- parbonic acid^ 

-* Ammoniacal gas 

- Potash and soda 

- Ammonia 

- Carbonate of ammonia 

- Pure alkalies 

- Alkaline carbonates 

- Potass 

- Soda 

- Priissiate of potash 

- Sulphate of alumine and potash 

- iSulphuret of antimony * 

- Nitric acid of commerce 

- Nitro-muriatic acid 

- Ammonia 

- ' Alumine, or alumina 

- Oxide of antimony 

- Plumbago 

- Borate of soda 

- Muriates of the metals 
n Metallic oxides 

^ Carbonate of lead 
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Old Names arranged 
Alphabetically. 
Ceruse of antimony - 
Charcoal, pure 

Colcothar of vitriol - 

Copper, acetated 
Copperas, green 
' blue 

Cream of tartar 
Earth, calcareous - 
■ aluminous 

siliceous 

— • ponderous 

magnesian, or muriatic 

Emetic tartar 

Essences . - . 

Ethiops, martial 

— mineral 

Howers, metallic - 
— — of sulphur - 
Fluors 
Hepars 
Heat, latent 

Kermes mineral 



Lapis infernalis 
Leys 

Liquor silicum \ 
of flints J " 

Litharge 

Liver of sulphur, alkaline 

' calcareous 

Luna cornea 

M^gistery of bismuth 

Magnesia alba \ 

• aerated 3 

black 

Masticot 

Mephitis 

Minium 

Mother waters 

Nitre, or saltpetre - 



Neii) Names. 

White oxide of antimony 
Carbon 

iRed oxide of iron by the sul- 
phuric acid 
Acetate of copper 
Sulphate of iron 

■ of copper 

Acidulous tartrate of potash 
Lime 

Alumina, or alumine 
Silex 
Barytes 
Magnesia 

- Antimoniated tartrate of potash 

- Volatile oils 

- Black oxide of iron 

{Black sulphureted oxide of 
mercury 

- Sublimated metallic oxides 

• Sublimated sulphur 

• Fluates 

- Sulphurets 

• Caloric 

J Red sulphureted oxide of an- 
\ timony 

■ Fused nitrate of silver 
Solutions of alkalies 

Solution of £[iliceous potash 

f Semivitreous oxide of lead or 
\ litharge 
Sulphuret of potash 
of lime 

- Muriate of silver 
(Oxide of bismuth by the nitric 
I acid 

- Carbonate of magnesia 

- Black oxide of manganese 

- Yelh)w oxide of lead 

- Nitrogen gas 

- Red oxide of lead 
• Saline residues 

- Nitrate of potass 
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Old Names arranged 
Alphabetically. 
Nitres 

Oils, fet - . 

— etherial 
— — . of tartar per deliquium 

Phlogiston - 

Phosphoric salts 

Precipitate, red 



^^per se 

Principle, astringent 
■ — tanning - 

■ acidifying 

inflammable 

Pyrites of copper 

Pyrites martial 

Realgar 

Regulus of the metals 
Rust of iron 
Saffron of Mars 
Sal ammom*ac 

— polychrest 

Salt, common or sea 

— febrifuge of Sylvius 

— fusible of urine 

— Glauber's 

— Epsom - 

— of sorrelr 

— of wormwood - 

— vegetable 
Saltpetre 
Selinite 

Spar, calcareous 
■ fluor - 

ponderous^ 

Spirit, ardent i 

— of wine J 
— — of nitre 

■ fuming 

of salt 

VOL. II. 



Neto Names. 

Nitrates 

Fixed oil 

Essential oils 

A solution of potash 
r A principle imagined by Stahl, 
I but now not admitted 

- Phosphates 
f Red oxide of mercury by the 
( nitric acid 

- Red oxide of mercury by fire 

• Gallic acid 

- Tanm'n 

- Oxygen 

- See Phlogiston 

- Copper pyrites 

{Iron pyrites, or sulphuret of 
iron 
J Red sulphuretted oxide of 
I arsenic 

- The metals in a pure state 

- Oxide of iron 

- Oxide of iron 

- Muriate of ammonia 

- Sulphate of potash 

- Muriate of soda 

- Muriate of potash 

- Phosphate of soda 

- Sulphate of soda 
— of magnesia 

- Acidulous oxalate of potash 

- Carbonate of potash 

- Tartrite of potash 

- Nitrate of potash 

• Sulphate of lime 

- Crystallized carbonate of lime 

- Fluate of lime 

- Sulphate of barytes 

. Alkohol 

- Nitric acid 

- Nitrous acid 

- Muriatic acid 
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Old Namds arranged 
Alphabetically. 
Spirit of sal amnioniac 

of vitriol 

Spiritus rector 
Sublimate^ corroeive 
Sugar of lead 
Tartar 

emetic 

' vkriolated - 

Tartars 

Tinctiweg, spirituous 

Turbeth mineral 

Vinegar, distilled 1 

radical J 

Vitriols - * 

Vitriol, blue 

— — green 

— — ' white « 

Water acidulated - 
— — hepatic 



)ktx> ifamu. 

" Ammonia 

*• Sulphuric acid 

* Aroma 

- Muriate of mercury 

- Acetate of lead 

^ Acidulous tartrite of potash 

- Antimoniated tartrite of potash 

* Sulphate of pota$b 

- Tartrites 

- Resins dissolved in alkohol 

{YfeUow oxide of merciuy by &e 
sulphuric acid 

- Acetic acid 

-^ Sulphates 

- Sulphate of copper 

■ of iron -^ 
■• '■ ' of zinc 

r Water impregnated with car- 
1 "Bonic acid gas 
r Water impregnated with sid- 
1 "phuretted hydrogen 
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MANUFACTURES AND ARTS, 

>X»E modern sciences, and particularly ehemistiy, 
tavc been of late successfully applied to tke m^ 
provement of several of the useful arts j and some, 
in consequence, have undergone almost an entire 
change. Of the principles of some of them we 
propose to give a brief description* 

MAKING BREAD. 

Sclfcf«dly toy mticm exisies, id which ^e tule 6f 
l)read is entirely unknown, or Something ad a dulb- 
stitute for it ; a dry food appearing to he neces- 
sary to promotei the i^eci^tidn of saliva, itx the pro- 
cess of mastication. 

Iii Lapland, where they have no corn, they muke 
a kind of bread from dried fisfh, artd of the iflner rifiid 
of the bark of the pine* In some parts of America, 
they use, for thii9 purpose, casata, the i^oot 6t a 
plant which is poisonouij till it Ml rendeshed wk(jle- 
some by the exttaetion of iti^ aertd jtride. In the 
South Sea islands, the bread-fruit tree affords tiie 
nativei*; a substance resembling bread* 

From time immemorial, the farindeeoiW seeds 
have been employed as food> and they ar^ the laMtot 
nutritive of all the vegetableis. Few of the lilimen- 
tary substances are used by man in a raw *nd 
crude state; almost all undergo tome preparation, 
by which they are rendered Inore easy ©f cBges- 
tionyet c^ more pMatable^ The a^HcMttn^ of 
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heat generally effects considerable changes in the 
different principles of which they are composed* 
Thus, bread from wheat is no longer capable of 
forming a paste with water, such as can be made 
with flour J nor can starch, and gluten, elements 
existing in flour, be obtained from it after it has 
been baked in bread. The alteration in potatoes 
by the culinary process is even more considerable. 

The farinaceous vegetables used for making 
bread, are chiefly wheat, barley, oats, rye, buck 
wheat, maize, beans, pease, rice, potatoes, &c. In 
times of scarcity, other substances have .been used, , 
as acorns^ chesnuts, &c. 

Of all these wheat is found to afford the best 
bread, and we shall begin by describing it. Wheat 
flour, when analysed, is found to consist of — 
1. Gluten. 2. Fecula, or starch. 3. Saccharine 
matter, or mucilage^ 

Tlie gluten is very elastic, of a greyish white 
colour, and when drawn out to its fullest extent, 
has the appearance of animal membrane. In this 
' state, it adheres to many bodies, and forms a very 
tenacious glue, which has been used for mending 
broken porcelain. It is insoluble in water, alkohol, 
ether, or oil; and, in many of its properties, it re- 
sembles animal substances. 

^ Thejfecwfa is a delicate white powder, soft to the 
touch, scarcely sensible to the taste, almost inso- 
luble in cold water, but soluble in warm water. 
- The saccharine p3xt is a sugar similar, to what is 
contained in other vegetables. 

These three constituent principles, are easily 
separs^ted from each other in the following manner. 
Knead some flour with water, and let a stream of 
water ccmstantly flow over it. The fecula, or 
starchy will be carried off by the water, and will 
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fall to the bottom of the vessel where it is collected ; * 
the sugar will be held in solution in the water em- . 
ployed, and the gluten will remain alone. 

There are three sorts of bread in general use, , 
prepared from wheat flour : 1; Unleavened 
bread. 2. Leavened bread. 3.. Bread made with 
yeast. 

Unleavened Bread. 

When flour is kneaded with water, it forms a 
tough adhesive paste, containing the constituent 
principles of flour, with little or no alteration, and 
not easily digested by the stomacli. 

When formed into cakes, and baked by heat, the 
gluten, and probably the starch, undergo a con- 
siderable change, and the compound is rendered 
more easy of digestion. 

Bread made in this manner, without any addition, 
is called unleavened bread. It is not porous, but 
solid and' heavy. 

This is, no doubt, the most ancient method of 
preparing bread, and it is still used in many coun- 
tries. The oat cakes, and barley bread, used in 
Scotland, and the north of England, are of this 
kind; so are also biscuits of all kinds. 

Unleavened bread is also used by the Jews 
during the Passover. 

Of Leavened Bread. 

When flour is kneaded with water, it is caUisd' 
dough; and when this is kept in a warm place, it 
swells up, becomes spongy, and is filled with air- 
bubbles ; it disengages at length an acidulous and 
spiritous smell, tastes somv and in this state is callied 
leaven. 

Here the saccharine part has been converted 
into ardent spirit, the mucilage tends to acidity, 

L 3, 
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and the gluten probably verges towards a state of 
putridity. By this incessant fermentation, the 
mass is rendered more digestible and light, that 
i% it becomes much more porous by the disengage- 
ment of elastic fluid, which separates its parts frpm 
each other, imd much enlarges its bulk. The 
operation of baking puts a stop to this process, by 
evaporating a great part of the moisture, which 
favours the chemical attractionis, and prpbably ajso 
by fnvihfiV phangipg the pature of the component 
par^g. iBreadi however^ in this state, will not pos^ 
sess the requisite uniformity. In order to promote 
an uniform fermentation, a small portion of leaven 
is iptimately blended with a quantity pf other 
dpughi which, by the aid of heat, diffuses itsellj' 
and causes all the parts to ferment at the same 
time, As soon as the dough ha^ acquired a sqflS- 
cjeut bulk from the extrication of carbpnic ^cid 
gas, it is considered as fit for the oveUt It will be 
Uecesgajy here tp consider more at large thq nature 
of the JbrmenUitior^ which is so essential in the 
making of gopd bread. 

When wneat-flour and water are mixed, the 
saccharine extract of the flour, in consequence of 
heat and moisture, has its constituent principles . 
disunited ; the oxygen seizes the qarbon, forming 
carbonic acid, which flies off in the form of gas, 
and occasions that internal motion and increase 
which appears. This processi if left tp itiielff is 
extremely slow, and is therefore accelerated by the 
addition of more dough and warm wfttett The 
gluten, being dispersed through every part of the 
mass, forms a membrane among the dough, which 
suffers the carbonic acid gas to* expand, but pre-r 
vent9 its total escape, thus causing that porous 
retiijulated appearance, which fermented bread 
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always h^». As soon gs the dQUgh begins to sink* 
it i§ made up into the proper form, and put into thg 
ovep, where the heat converting the Water into an 
elastic vapour, the loaf rises still more. The fer- 
mentation by means of leaven is thought to be of 
the acetous kind, because it is generally so managed 
that the bread has a sour taste. 

Bread made with Yeast. 

Yeast is the froth formed upon the surface pf 
bwr, or ale, in a state of fermentation, and is com- 
posed pf carbonic acid gas inclosed in bubbles of 
the mucil^inous liqqor. When this is piixed with 
dough, it causes it to ferment, and rise better and 
more quickly than ordinary leaven j and by this 
mpans tb^ best bread, and that now most generally 
in use, is made. 

jBread m*de with yeast is not only less compact, 
l^hter^ md of a much more agreeable taste than 
the preceding kinds; but It is also more miscible 
in water, with which it does not form a viscous 
mass, a circumstance of the greatest importance 

in digestion. 

Bread, if wellb^ed, is materially different from 
flour and farinaceous cakes ; it no longer forms a 
tenacious dough with water, nor can starch or 
gluten be any more separated from It : and hence 
most probably its good qualities result. 

The method of msking common famiii/ bread is 
as follows : to half a bushel of flour add six ounces 
of salt, a pint of yeast, and six quarts of Water that 
has boiled ; in warm weather pour the water in 
nearly cold, but it winter let it be lukewarm. :^ut 
aU these into a kneading-trough, and work theni 
together till they are the proper consistence of 
dough. Cover up the dough warm that it. may 

L 4 
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ferment and rise. This is called setting the sponge. 
After letting it lie the proper time, an hour and 
a half, more or less, knead it well together, and 
let it lie some time longer covered up. The oven 
must in the mean time be heated : when this is 
done, and it is properly cleaned, make the bread 
into loaves, and place them in the oven to bake. 

Homehold breads or hnmn breads is baked in the 
same manner, only of flour that is made from the 
whole of the wheat, the bran as well as the flour 
being ground together; whereas in the white 
bread, the coarser part of the bran is separated 
from the flour. In what is called Freivch breads 
the fermentation is carried on longer than in com- 
mon bread, by which it becomes more porous, and 
consequently lighter. Some bakers make a supe- 
rior kind of French bread, by pitting together a 
peck and a half of the finest wheaten flour, called 
Hertfordshire white, a pint of milk, a quarter of a 
pound of salt, a pint and half of yeast, a quarter of 
a pound of butter, two eggs, and three quarts of 
water ; it is baked nearly in the same manner, 
only frequently turning the bread in the oven. 

The process used by the bakers for making 
brdad varies from what has been described, only 
in circumstances depending on the great quan- 
tity that is baked at a time. It is said that they 
are apt to adulterate the bread sometimes with 
alum, and also with chalk, and for this they are 
severely punishable; and any one suspecting it 
may easily detect it by cutting a loaf in slices, and 
mixing it with water which will dissolve the alum: 
and it may then be obtained by evaporation. 

Bread is made from the farinaceous grains ; but 
of these, barley, oats, and rye, are most generally 
used in Gr^at Britain ne^t to wheat. Wheat alone 
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possesses the gluten above described, which is so 
useful in making the bread porous and light ; on 
which account it is more difScult to make fer- 
mented bread from the other grains : but this dif- 
ficulty is obviated by adding to them a small quan- 
tity of wheat flour, and many of them afford bread 
nearly, as nutritious, if not entirely so, as wheat. 
It appears to be the fecula, or starch, that is the 
the most nutritive part of the grain ; the potatoe, 
which contains a great proportion of this substance, 
forms the food of the most of peasantry in Ireland. 

Rye bread is of a brownish colour, and has 
rather a sweetish taste. It is much used in the 
north of Europe, and also in some parts of this 
kingdom ; but it is more usually mixed with a 
quantity of wheateri flour. 

Rye is also sometimes mixed with a fourth part 
of ground rice, and makes a good and economical 
household bread. 

Bread has also been made by mixing turfii^ and 
flour in equal quantities. This requires rather 
longer baking, and has at first a sweet taste, which 
it loses on being kept twenty-four hours. 

Ricey though usually prepared for food by boil- 
ing, has been made into bread by mixing with it a 
littJe flour, or potatoes. 

, Potatoes have also been made into bread l^ 
mixing with them a quantity of wheaten flour. 

BREWING. 

The art of brewing, or of preparing a fermented 
liquor called heer^ from farinaceous seeds, is very 
ancient. It was known to the ancient Egyptians, 
Spaniards, Germans, Gauls, inhabitants of the 
British Isles^ and of the north of Europe. The 
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liquor inade by them, however, resembled more 
our swqet and mueilaginpus ales, the use of hops 
b^ing of modern invention. 

Be^r is made of an extract produced from malt 
and hops by boiling j and this extract is after-* 
Vfs^d» f^^rmented by adding yeast to itt 

M(^lt is made from barley by a process which 
is called malting. Barley is a grain consisting of 
fecula, or starch, albumen, and a little gluten. 
By tb^ process of malting, its fecula is converted 
ipto sugar, a substance essential to the production 
of ftrdent spirit or alkohol, which is the $i|bst^oce 
th^t givQS the intoxicating quality to every liquor. 
To prepare malt^ the grain is put into a trough 
with water, to steep for about three daysj it is 
then laid in heaps, to let the water drain from it, 
4Qd af|;erwards turned over ^d laid in new heaps. 
In this state, the same process t^kes plac^ as if the 
barley were sown in the ground} it begip^ to 
genmoate, puts forth a shoot, and the fecula of 
the i^eed is converted into 'saccharine matter* 
Whtfn this is sufficiently accomplished, which is 
known by the length of the shoot, (about I of ^hf 
length of the grain) this process of germiniltiion 
must be stopped, otherwise the sugar would be 
lost, nature intending it for the nourishment of 
tht young plant. The malt is,*therefor!e, spread 
out upon a floor, and frequently turned oyer, 
which cools it, and dries up its moisture, without 
which the germination c^inot proceed. When it 
is completely dried in this manner, it is called air' 
dried malt, and is v^ry little altered in cidaur. 
But when it is dried in kilns, it acquires a brownish 
colour, which is deeper in proportion to the heat 
applied ; it is then called Mln^ried. This malt is 
then coarsely ground in a millt 
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The quality of the beer depends upon the way in 
which the malt has been prepared as well as the 
quantity. There are three kinds of malt generally 
used, pakj brovm^ and amber. Pale malt is dried 
by a slow fire, and only so much as just to check 
the future germination of the grain : it is dried 
sometimes upon hair or wire sieves, which are made 
to form the bottom of the kiln. 3rown malt is 
dried with a quick fire, and the outside is in faet a 
little charred. Amber malt is intermediate be- 
tween thqse two. 

Fide malt is used for fine ales and pale beer : 
brown malt is used for porter } and amber is em. 
ployed for brown ^e and beer, and also to mix with 
brown malt for porter, a practice which many prefer. 

M^xahing is the next step in the process of brew* 
ing. This is performed in a large circular wooden 
vessel called the mash-tun, shallow in proportion 
to its extent, and furnished with a fidse bottom, 
pierced with small holes, and fixed a few inches 
above the real bottom. There are two side open- 
ings in the interval between the real and jgilse 
bottom I to one is fixed a pipe, for the purpose of 
' conveying water into the tun, and the other is £^ 
drawing the liquor out of it. The malt is to be 
strewed evenly over the false bottom of the same^ 
tun, and theo, by means of the side pipe, a prq>er 
quantity of hot water is introduced from the upper 
copper. The water rises upwards through th^ 
malt, or, as it is called, the grkt^ and when the 
whole quantity is introduced, the mashing begins, 
the object of which is to effect a perfect mixture of 
the malt with the water, so that the soluble parts 
may be extracted by it : for this purpose, the grist 
is sometimes incorporated with the water by iron 
rakes, and then the mass is beaten and agitated by 
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long flat wooden poles, resembling oars, which are 
either worked by the hand or by machinery. 

When the mashing is completed, the tun is co- 
vered in, to prevent the escape of the heat, and the 
whole is suffered to remain stilly in order that the 
insoluble parts may separate from the liquor : the 
side pipe is then opened, and the clear wort al- 
lowed to run off, slowly at first, but more rapidly as 
it becomes fine, into the lower or boiling copper. 

The chief thing to be attended to in mashing is 
the temperature of the mash, which depends on 
the heat of the water, and the state of the malt. 
If the water was let in upon the grist boiling hot, 
the starch which it contains would be dissolved, 
and converted into a gelatinous substance, in 
which all the other parts of the malt, and most of 
the water, would be entangled beyond the possi- 
bility of being recovered by any after-process. 

The most eligible temperature appears to be 
from 185^ to 190^ Fahr. j for the first mashing, the 
heat of the water must be somewhat below this 
temperature, and lower in proportion to the dark 
colour of the malt made use of. For pale malt 
the water may be 180^, but for brown it ought 
not to be more than 170^. 

The liquor, or wort, as it is called, of the first 
mashing, is always by much the richest in saccha- 
rine matter J but to exhaust the malt, a second 
and third mashing is required, in which the water 
may be safely raised to 190^, or upwards. 

The proportion of wort to be obtained from 
each bushel of malt depends entirely on the pro- 
posed strength of the liquor. It is said that twenty- 
five or thirty gallons of good table beer may be 
taken from each bushel of malt. For ale and porter 
of the superior [kinds, only the produce of the 
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first mashing, or six or eight gallons, is to be em- 
ployed. 

Brewers make use of ail instmment called a 
saccJ^ometer, to ascertain the strength and good- 
ness of the wort. This instrument is a kind of 
hydrometer, £^nd shows the specific gravity of the 
wort, rather than the exact quantity of saccharine 
matter which it contains. 

The next process in brewing is boiling and 
hopping. The hop plant is well known : hops con- 
tain an aromatic and essential oil, having an agree- 
able bitter flavour. Hops are necessary to prevent 
the beer from passing into the acetic fermentation, 
which would take place after the vinous ferment- 
ation had ceased. They check the fermentation 
in a great degree, so as to occasion it to go on 
slowly, and thus to acquire strength ; and the quan- 
tity of hops depends upon the length of time the 
beer is intended to be kept. Hops are best when 
. new, as they lose much of their flavour by keeping. 
If only one kind of liquor is made, the produce 
of the three mashings is to be mixed together ; but, 
if ale and table beer are required, the wort of 
the first, or first and second mashings, is appropri- 
ated to the ale, and the remainder is set aside for 
the beer. 

All the wort destined for. the same liquor, after 
it has run from the tun, is transferred to the large 
lower copper, and mixed with a certain proportion 
of hops. The better the wort, the more hops are 
required. In private families a pound of hops is 
. generally used to every bushel of malt j but in public 
breweries, a much smaller proportion is deemed 
suflScient. When ale and table beer are brewed 
j&om the same malt, the usual practice is to put 
the whole quantity of hops in. the ale wort, which. 
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Imving been boiled some "time, are to be transferred 
to thebeer-wort, and with it to be again boiled. 

When the hops are mixed with the wort in the 
copper, the liquor is made to boil^ and the best 
practice is to keep it boiling as fast as possible, till 
upon taking a littie of the liquor out, it is found to 
be full of small flakes like that of curdled soap. 
The boiling copper is, in common breweries, unco- 
vered : but in many, on a large scale, it is fitted 
with a steam-tight cover, from the centre of which 
passes a pipe, that terminates by several branches 
in the upper, or mashing copper* The steam, 
therefore, produced by the boiling, instead of 
being wasted, is let into the cold water, and thus 
raises it very nearly to the temperature required 
for mashing, besides impregnating it very sensibly 
with the essential oil of f^e hops^ in which the 
flavour resides. 

When the liquor is boiled, it is discharged into a 
number of coolers, or shallow tubs, in which it re- 
mains until it becomes sufficiently cool to be sub- 
mitted to fermentation. It is necessary that the 
process of cooling should be carried on as expedi- 
tiously as possible, particularly in hot weather ; and 
for this reason, the coolers in the brewhouses are 
very shallow. Liquor made from pale malt, and 
which is intended for immediate drinking, need 
not be cooled lower than 75 or 80 degrees j of 
course this kind of beer may be brewed in the 
hottest weather; but beer brewed from brown 
nwdt, and intended to be kept, must be cooled to 
65^ or 70^ before it is put into a state of ferment- 
ation. Hence in the spring, the month of March, 
and in autumn, the mcmth of October, have been 
deemed the most favourable for the manufacture of 
the best malt liquor* v 
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From the coolers the wort is put into the, work^ 
ing tun, in which it is mixed with yeast, in the 
proportion of a gallon to four barrels of wort, in order 
to excite the vinous fermentation. This process is 
called tunning. By this the beer obtains its strength 
and spirit ; the sugar extracted from the malt being 
converted into alkohol. In four or five hours the 
fermentation begins. Its first appearance is by a 
white line on the surface of the liquor, next to the 
side of the vessel, which gradually advances to the 
middle, till the whole surface Is covered with a 
scum, or froth, formed by innumerable minute 
bubbles of carbonic acid gas, which rise through the 
liquor. The temperature of the liquor increases, 
and the whole is much agitated. The froth on the 
suiiace accumulates, and constitutes the yeast. At 
this time the presence of carbonic acid gas maybe 
easily perceived, by holding one's head over the 
barrel or tun ; and fatal accidents have happened 
through the accumulation of this gas in situations 
where persons have been exposed to it without 
being able to remove. 

The vinous fermentation must be checked in 
time, otherwise the acetous fermentation would 
begin j all the spirit would be lost, and the beer 
would become sour. 

The fermentation requires from 18 or 20 to 48 
hours J and the beer is then put into smaller barrels, 
called cleansing tuns. In theln, the fermentation 
goes on again, and during a few days, a copious 
discharge of yeast takes place from the bung-hole. 
Care must be taken that the barrels are filled every 
day with fresh liquor. This discharge gradually 
becomes less, and in about a week it ceases; when 
the bung^hole is closed. 

The liquor is now sufiered to stand for some 
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time to fine (or become transparent), by depositing 
the mucilage that was suspended in it. When, 
there is time, the beer is allowed to fine itself; if 
not, a preparation of isinglass and sour beer, called 
finings^ is put into it, to precipitate the mucilage. 

A larger quantity of hops are used in porter than 
for ales. Although in porter the brown mailts are 
necessary, it is bad economy to use them too highly 
dried for the deepening of the colour, since the 
consequence of drying too highly is a carbonization 
of part of the saccharine matter. A dark colour 
may be procured more economically by adding 
burnt sugar to the wort. 

It is in Britain prohibited by law to use any sub- 
stance in brewing, as a substitute for hops. 

BLEACHING. 

Bleaching is the art of whitening cloths, made 
from vegetable or animal substances, by depriving 
them of their colouring matter. The art is of 
great antiquity j and mankind, in all ages, appear 
to have admired garments of a piure whiteness. The 
effects produced by the air and rain upoi^ vegetable 
fibres exposed to them, must have led originally to 
the idea of producing this by artificial means. The 
ancients appear to have been acquainted with the 
uses of soap and leys j and to have practised bleach- 
ing, nearly in the same manner as it existed among 
us until lately. But few manufactures have received 
so much benefit from modern chemistry, as that 
now under consideration j so that since the year 
1786, it has undergone a complete change. 

Bleaching of Linen* 

The processes of bleaching differ materially, 
according to the different materials of which cloths 
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are composed: tlius, linen, cotton, woollens, and 
sUk, are whitened by different methods. In order 
to understand the rationale of the bleaching pro- 
cesses, it is necessary to be acquainted with the 
nature of the materials. 

Flax, from which linen is formed, is a vegetable 
consisting of several coats or layers. The external 
coat is a very thin bark ; under this is a green juice 
or sap; next lies a layer of fibres or filaments, 
which constitutes the part used for making linen ; 
and, lastly, in the centre, there is a woody part. To 
prepare flax for making cloth, the filaments or 
fibrous part must be separated from the rest. The 
filaments are held together by the sap, or succulent 
part. To detach them from this, the flax is steeped 
for several days in pools or ponds of soft stagnant 
water; by which the putrefective fermentation 
takes place. But this fermentation must not be 
suffered to proceed too far; otherwise the fibres 
themselves would be affected by it, and their 
texture injured. The flax must be taken out 
while it is yet green, and while the wood, breaks 
easily between the fingers. The putrefaction of 
the sap occasions the water in which the flax is 
steeped to be extremely offensive ; and it is even 
found that the fish are destroyed in any stream 
where this process is used. 

In some places, instead of steeping the flax in 
water, it is jsimply exposed to the dew by laying it 
on the grass. 

The time required for this part of the process is 
variable ; depending upon the state of ripeness of the 
flax, the quality and temperature of the water, and 
other circumstances. 

After steeping the flax, where the watering sys- , 
tem is practised, it is spread very thin on the grass, 
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4iid occasionally turned, until it is found to be very 
brittle J so that on being rubbed between the 
hsttids, the woody part easily separates. It is then 
dried by the heat of the sun or of a kiln. 

The flax is now ready to be beat or kroke by a 
mill for the putpos^ or by mallets on 0, sort of 
wooden anvil. The fibres of the flax are thus 
s^arated from the wood, which is reduced to frag- 
ment!^ most of which are cleared away by scutching. 
; To divide completely the fibres from each other, 
and to separate the remaining part of the wood, the 
process of hackling is employed* This consists in 
drawing the flax through piles or groups of sharp 
and polished iron spikes, placed close together, and 
fixed in wood* The hackles are of various degrees 
pf fineness ; that is, the spikes are placed it diflferent 
degrees of distance from each other. The coarsest, 
or most open hackles, are used first ; then a finer, 
and so on, till the process is completed. 
• The flax is now ready to be spun into thread or 
yarn, which is manufactured into cloth by the 
weaver. 

The linen, as it comes from the loom, is of a 
brownish grey colour ; and it is then that the pro* 
C^s of bkaching begins. 

The linen is first steeped in cold water for 48 
hours, to discharge from it the weaver's dressing j 
which is a paste of flour and water, that had been 
brushed into the yarn to enable them to stretch it 
more easily. 

The grey substance that colours the linen before 
it is bleached is of a resinous nature, and conse^ 
quently it is Insoluble in water. It is also intimately 
united with tbe fibres of the flax, and is of diflScult 
separation. What appears to the eye to be a single 
fibre is^ in fact, a bundle of minute filaments^ agglu- 
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titiated together by this resinous matter* To sepa^ 
rate these filaments frotn each other, and td ckdtroy 
entirely the resinous colouring matter, ii ^ process 
of tjome diflScalty. Solutions of aicalies revered 
caustic *, called alcaline leys^ have the projpetty of 
dissolving resins ; hence they have be6n used fi» 
this purpose in bleaching. The linen is boiled in 
water containing a quantity of caustic pota$ii, 
which acts upon the resin of the external UlamenM^ 
and loosens them a little from each other. The 
cloth is then spread upon the grass, jand exposed to 
the action of the air, suii, and dewj and is also 
occasionally watered. It is then returned agajn 
into the bucking vat ; and the alkaline Solution is 
poured over it : by this another layer* of the fil^ 
ments is opened, and the resin dissolved* It il; 
then carried again to the field, and treated ^ 
befbre. In this manner, the bucking and spreading 
on the grass are repeated alternately, for 15 or 16 
times> according to the weather and other circum*^ 
stances, until the cloth is whitened. Were the 
alcaline ley so strong as to dissolve all the resin at 
once, it would injure the texture of the fabric. 

This alternate bucking and exposing on the grass 
is the old manner of bleaching, and was utiivetsally 
used, till Scheele discovered the properties of the 
oxygenated muriatic acid in destroying vegetable 
colours. M. BerthoUet first applied this. prq[>erty 
to the purposes of bleaching, and he, with ^ett 
liberality, communicated his observations to the 
public. For this purpose, he immersed the clo^ 
into diluted oxygenated muriatic acid, between the 
operations of the alcaline leys, which produced the 

* Common potash is rendered sufficiently cfuifti^ fp)r the guf- 
pose of bleaching^ by adding to it ()uick|ime^ wl^iph ha£| ^ stronger 
affinity for the carbonic acid than potash. 
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same effect in whitening it, as by exposing it to the 
action of the air and light in the field. 

The new method of bleaching was quickly and 
successfully introduced into the manufactories of 
France ; and almost as soon into those of Great 
Britain. It is now universally adopted. The 
advantages are, that the time required for bleach- 
ing is shortened in a surprising degree so that 
manufacturers experience a much quicker return of 
their capitals j and that it may be carried on at all 
seasons of the year. 

The first way in whicih the oxymuriatic acid was 
applied in bleaching was in the liquid state ; that is, 
when water is impregnated with the gas. The 
goods were inmiersed in this liquid according to 
the nature of the objects to be bleached. Skeins 
of thread were suspended on frames in the tub in- 
tended to receive them ; cloth was rolled upon 
reels. When every thing was thus disposed, the 
tubs were filled witii oxygenated muriatic acid, by 
introducing a funnel that descended to the bottom 
of the tub in order to prevent the dispersion of the 
gast The cloth, or thread, was made to pass 
through the liquid by turning the frames, until it 
was judged that the acid was exhausted by acting 
on the colouring matter. 

But the volatility of this acid, and the suffocating 
nature of its vapours, which produced extremely 
noxious effects upon the health of the workmen, 
rendered its use very difiicult, although very in- 
genious apparatus had been invented both by Ber- 
thoUet and by Mr. Watts. It was also found diiB- 
cult to cause the acid to act upon all parts of the 
cloths equally, when they were stratified in the cis- 
terns with the acid. 

A considerable improvement was made in the 
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apparatus by Mr. Rupp of Manchester, which is 
described in the Manchester Memoirs. Still it 
was found that the add alone was apt to weaken 
the cloth, and that it injured the health of the 
workmen. 

At length it was discovered by some manufac- 
turers at Javelle, near Paris, that the addition of 
an alkali to the liquor deprived it of its suffocating 
effects, without destroying its bleaching powers. 
Potash was the alcali they employed ; and this so- 
lution was called the Javelle liquor. The invent- 
ors came into this country, and established a 
bleaching-work. The process was then carried on 
in open vessels j and the bleacher was able to work 
his pieces in the liquid, and expose every part to 
its action without inconvenience. 

Although these advantages were unquestionably 
great, they were diminished by the heavy expense 
of the alcali, which was entirely lost. Also, the 
the potash, which added to the liquor, though it did 
not destroy its power of bleaching, diminished it j 
because a solution of the oxygenated muriate of 
potash, which differs from this bleaching-liquor in 
nothing but in the proportion of alcali, will not 
bleach at all. This is a well-known fact; from 
which we might infer, that the oxygenated muri- 
atic acid will lose its power of destroying the co- 
louring-matter of vegetable substances, in propor- 
tion as it becomes neutralized. 

Mr. Tennant discovered that lime might be 
substituted for the potash, the oxymuriatic acid 
combining with all the alcaline earths, and forming 
oxymuriates which were soluble in water, and had 
the property of bleaching. This is the substance 
now employed. If the oxygenated muriatic acid 
be passed through lime-water, it will C€H«bihe with 
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ihe Htoie) sand farm otythurifiie of litde; but as the 
WatSr can only rfetain a small portion of lime, this 
waji not found ef much use. To cause a larger 
qUailtity of lime to combine with tfee oxymuriatic 
acid gas, the lime is mechanically suspended by 
s^tatioo in the water into which the gas is made 
to pasd, so as to present ftesh matter to the gas. 
By this means, the oxjrmuriatic acid cdinbihes with 
the lime^ forming a compound soluble in the 
water : this is used as a bleaching'^liquor* 

The oxygenated tnuriatie acid gafe may also be 
comfaiiiidd with lime in a dry state. To effect this, 
the Oxymuriatic acid gas is sent into a vessel cohtaiu^ 
itog dry hydrate of lime (that ife, lime slacked yfith 
water) : the powder is agitated, and the gas com- 
bines with it to a certain amount, or till the hy^ 
dfcite of lime becomes saturafed. The pooopotind 
is a soft white powder, po«»^ittg little smell. It 
is partially soluble in water, yielding a soltlticm 
touch the bame as that obtained by the former 
prbfcealu 

Although most salts that are soluble in watet 
are capible of being formed agiiii by eVapotating 
the water, either in crystals or in a dry saline nia»$, 
this is not the case with oxymuriate of lime. Whehi- 
ever a solution of it is evapor^lted, part of the acid 
escapes, and the reiSt is mostly converted into mu* 
riatip acid; so that instead o£oa:^mmiute of lime^ 
muriate of lime is obtained. Hence the dry salt 
cannot be obtained from the liquid solutioij. 

The dry oxymuriate of lime may be very con* 
veniently transported without injury, an advantage 
not possessed by the acid alone, which cannot be 
transported without the loss of almost half its 
strength : but it must be observed that the dry 
salt is much impaired bv being long kept. 
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We have hitherto used the old term of o^ynfmri- 
ati(i aeid, b6^aus6 it is best known by thiis name ip 
the bleftching processes; but it will be remein- 
bere^ that this substance is now considere4 Its a 
simple body, and is knowp by the name of chlorine^. 
What has ju^ be^n caUed oxyrauriate of lim^ 
is known among modern chemists by the teroi 
c^hlorate of lime. 

!Tht oxyrtiuriatic acid gas, or chlorine, may be 
procured by distilling muriatic acid in black oxide 
of manganese ; but to save the expense of first 
preparing the muriatic acid, the usual practice in 
bleaching is to mix three parts of bUck oxide of 
manganese with eight parts of muriate of soda or 
commott salt, and five parts sulphuric acid, diluted 
with four part« water. 

To a^cert^in the strength of the liquid for 
ile^chjng, 4 solution of indigo in the sulphuric acid 
is employed. The colour of this is de3troyed by 
th^dxygenated muriatic acidj and according to tl^e 
-quantity of it that cai;i be discoloured by a given 
qn^Bttity of the liquor, its strength is known. 

The Unen is usually not immersed in the solution 
of oxymuriate of lime until after the fourth or fifth 
bucking } because a great portion of the resin is 
removed cheaper by the alkaline leys, and washing 
in water. 

The last operation in bleaching is souring, or 
steeping the linen in some sour liquid of a blood 
heat. For this purpose, formerly sour milk was erii- 
ployed : but now sulphuric acid is used. Of this 
as much is put into water as will give it the acidity 
of vinegar. The linens are generally steieped about 
twelve hours, and are then well washed. This 
ftouripg i^ espenti^l to the procuring of a good white, 
but the theory of its action is not well understood. 
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Nothing now remains, in order to complete 
them for the market, but rubbing them with a 
strong lather of soap, washing, and blueing them. 
The alcali is one of the chief articles ^f expense 
used in bleaching : and it is a great object with 
the bleacher to recover the pure alcali from the 
leys which have been used. 

The sulphuret of lime, or the combination of 
sulphur and lime, which are both cheap articles, 
has been used in Ireland for bleaching, instead of 
potash. It was first proposed by Mr. Higgins, and 
it answers in some cases, particularly where the 
goods are intended for dying. 

The sulphuret of lime is prepared as follows:— 
sulphur in powder, four pounds j lime, well slaked, 
twenty pounds ; and water, sixteen gallons j are 
to be well mixed, and boiled for half an hour in an 
iron vessel, stirring them briskly from time to time. 
Soon after the agitation of boiling is over, the so- 
lution of the sulphuret clears, and may be drawn 
off free from the insoluble matter, which is consider- 
able, and which rests upon the bottom of the boiler. 
The liquor in this state is pretty nearly of the 
colour of small beer, but not quite so transparent. 
Sixteen gallons of fresh water are afterwards to 
be poured upon the insoluble dregs in the boiler, 
in order to separate the whole of the sulphuret 
from them. When this clears (being previously 
well agitated) it is also to be drawn off and mixed 
with the first liquor; to these again, thirtyfthree 
gallons more of water may be added, which will 
reduce the liquor to a proper standard for steeping 
the cloth. Here we have (an allowance being 
made for evaporation, and for the quantity re- 
tained in the dregs) sixty gallons of liquor from 
four pounds of sulphur. 
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Although sulphur, by itself, is not in any sensible 
degree soluble in water, and lime but sparingly so, 
water dissolving only about one seven hundredth 
part of its weight of lime j yet the sulphuret of 
lime is highly soluble. 

. After the paste used by the weaver has been re- 
moved, the linen is steeped in a solution of the 
sulphuret of lime, prepared as above, for about 
twelve or eighteen hours. It is then washed, and 
steeped in oxymuriate of lime. This process is 
repeated by six alternate immersions in each liquor. 
For the use of private families, where the linen is 
dirtied by perspiration or grease, it will be of great 
service towards rendering it white, to steep it for 
some time in a clear liquor, made by mixing one 
quart of quick-lime in ten gallons of water, letting 
the mixture stand for twenty-four hours, and then 
using the clean water drawn off from the lime. 
After the linen has been steeped in this liquor, it 
should be well washed as usual, but will require 
much less soap to be used. 

It is of great consequence in bleaching with the 
oxygenated muriatic acid, that it may be employed 
of a proper strength ; as a test to ascertain its 
strength, a solution of indigo in sulphuric acid is . 
used. A certain quantity is put into a glass tube, 
and oxygenated muriatic acid is added until the 
colour of the indigo is destroyed : by the quantity 
of acid necessary to destroy the colour, its strength 
is estimated. 

Steam has been employed in bleaching in France 
with great success. The process was brought from 
the Levant. Chaptal first made it known to the 
public. When an alcaline ley is boiled, a certain 
quantity of alqali always rises with the steam . The 
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cJtfth i» firat immersed in weak caustic alc^Une 
UquOFj md placed over a chamber constructed over 
A boiler, into which is put the alcaline ley which is 
to be raised into steam. After the fire has been 
lighted, and the cloth has remained exposed to the 
action 0f the steam for a sufficient length qf time, 
it is takeii dut, and immersed in the oxygenated 
mnriate of lime, and afterwards exposed for two 
or three days on the grass. 

This operation, which is very expeditious, is suf- 
ficient for cotton ; but if linen-cloth should still 
retain a yellow tint, a second alcaline vapour-bath, 
and two or three days exppsure on the grass, will 
h6 sufficient to give them the necessaiy degree of 
whiteness* 

Bhuching qf Cotton. 

CottoU is a vegetable substance^ and the pro- 
duction of a shrub that grows only in warm climates. 
It is a fine downy substance, in which the seeds of 
the plant are inclosed. Cotton, in it^ natural state, 
is generally of a dirty yellow, ana opaque, being 
covered with a colouring matter of an unctuous 
nature } when this is removed, it is White and 
transparent. 

Cotton is easier to bleach than linen. The 
colouring- matter is dissolved by the action of alca- 
line leys and washing. Sometimes the oxymuii- 
atic acid is also used to expedite the process. 
Steeping in diluted sulphuric acid, is also used to 
dissolve the earthy matter that always remains after 
the immersion in alcaline ley; and as cotton is not 
so easily injured by acids as flax, more use is made 
of the acid than in the bleaching of linen. The 
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action of steam is vwy effienekHtf \n ble^ctiiDg 

cottons* 

In bleaching cotton fbr calieo-printingi a pui^e 
white is not so much (bought for, as that the oil 
may be entirely extracted. 

In applying the alcaline ley, great care must be 
taken tliat no lime remai&b in suspeni^cm \n the 
liquor, as it might be fixed in the cloths } and wheq 
the sulphuric acid is used^ * sulphate of lime woul4 
be formed^ which in fact is a mordant for the 
m^der ; hence the latter could not be K^scharged 
from th^^e partd intended to be white. 

For the same reason^ the oxy muriate of limecan-f 
Aat be used) if madder j& to b? discharged from 
any pw't of the cloth. When this is the ^jsm^j^iiy^ 
muriate of potash, or of soda, is substituted for 
o^ymuriate of limci 



Bleaching qf Wool. 

The bleaching of animal substances is soiiiewhat 
different from the processes employed for vegetable 
substances. 

Wool is a sort of very fipe hair which covers the 
bodies of some animals. Each h^r is hollow, alid 
contains an oily matter. 

Wool is not easily acted upon by acids j is Unalter- 
able by water, cold or boiling; but may b^ entirelj^ 
dissolved by strong alcaline leys. On this account, 
the latter must be uSed with great caution. 

Wool is oiled before it is combed and spiih, artd 
the first operation is to free it from tlie oil \^^hich 
it ha$ thus acquired. This is called scouri7ig; Stale 
urine, which contains ammonia or the volatile 
alcali, is miffed with water j and the wool is im- 
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mersed in this for about twenty minutes, heated to 
56^ Fahr. It is then taken out, drained, and 
rinsed in running water ; then put into the bath of 
urine, and washed again. This is sometimes re- 
peated a third time, and sometimes scouring with 
soap is used. 

Fulling the cloth adds also to its whiteness. 
Fulling is a species of scouring with a particular 
kind of earth called fuller^ s earth. It effectually 
removes all grease, from the chemical affinity 
existing between the alumina contained in the 
fuller's earth and the oil of the cloth ; and thus dis- 
poses the fibres to be entangled and matted toge- 
ther in the subsequent process of milling, employed 
to thicken the cloth, and render it stronger and 
firmer. 

Scouring entirely with soap is preferred when 
the articles are valuable. 

Sulphureous acid is also used for giving the last 
degree of whiteness. 

Sulphuring is performed in the following man- 
ner. The articles to be whitened are suspended 
uopn poles across a chamber, constructed so as 
to be peifectly close. Into this chamber is pre- 
viously put a quantity of sulphur in dishes. WTien 
the cloth is in, the sulphur is set fire to, and the 
doors of the chamber are accurately shut, and all 
the interstices carefully stopt up, so as to exclude 
entirely the atmospheric air. 

The combustion of the sulphur produces a va- 
pour which is the sulphureous acid; this destroys 
the colouring matter of the wool, which is conse- 
quently rendered white. The time necessary for 
this process varies from six to twenty-four hours. 
The cloth is left in the chamber for some time 
after the combustion of the sulphur has ceased j it 
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is then taken out and rinsed, to remove the acid ; 
and afterwards washed with soap, to give a degree 
of softness. 

This mode of bleaching by the combustion of 
sulphur is also used for other substances, as straw 
in the manufacture of hats, &c. 

A superior method of employing the sulphureous 
acid in bleaching is the following. Water is im- 
pregnated with the sulphureous acid, and tubs are 
filled with thisj then the stuffs are drawn through 
it upon reels, till they are whitened. The sulphur- 
eous acid is made by decomposing the sulphuric 
acid by the addition of any combustible matter 
capable of taking away a part of its oxygen. A 
cheap method of effecting this is by putting chopped 
straw, or saw-dust, into a mattrass, and then pour- 
ing over it sulphuric acid, and afterwards applying 
heat. The sulphureous acid gas will be formed, 
but will be combined with the water in the vessel. 

The stuffi are then taken out, and left to drain 
upon a bench covered with cloth j a precaution 
which is necessary, because the wood might be 
decomposed by the sulphuric acid, and would stain 
the goods. They are afterwards washed in clear 
water. It is generally necessary to sulphur them 
twice before the white is sufficiently bright. Some- 
times Spanish white is put into the water used for 
washing themj and they are also azured or blued 
by disolving some Prussian blue in the water. 
Nothing then remains to be done but dryings 
stretchings and pressing. 

Bleaching of Silk. 

Silk is an ailimal substance, and is prepared by 
a caterpillar^ usually called the silk-worm. This 
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insect inhabits warm climates, and cstnnot be reared 
in this country without difficulty, nor in sufficient 
quantity for the purpose of procuring silk. The 
south of Europe and Asia are its proper countries. 

The silk is spun by the silk-worm in the form of 
threads of a semi-transparent matter, which it winds 
up round itself when it passes into the crysalis 
state. The threads, when formed, are connected 
together by a viscous substance, from which they 
must be separated before they can be wound off, 
by putting them into hot water. 

The silk itself is covered with $ yellow varnish, 
which is soluble in alcaline leys ; and as this varnish 
conceals the lustre of the silk, it is necessary to 
detach it. Silk is itself soluble in strong alkaline 
leys jl care must be taken, therefore, not to injure 
the silk in taking off the varnish. Water at a boil- 
ing heat has no action on silkj but steam dissolves 
its varnish. 

In France they proceed as follows. They fill a 
boiler with a very weak solution of caustic soda, 
and place in d, chamber connected with the boiler, 
the skeins of raw silk, wound on frames ; then they 
close the door of the chamber, and make the solu- 
tion in the boiler boil. leaving continued the 
ebullition for twelve hours, they slacken the fire, 
and open the door of the chamber. The steam, 
which is always above 250*^ Fahr., will have dis- 
solved the gum of the silk. The skeins are then 
washed in warm water, wrung, and boiled a second 
time ; then washed again several times with soap, 
till they have acquired the necessary whiteness and 
softness. 

It is not possible, however, to give to silk all the 
necessary splendour by this process alone j to com- 
plete it, the silk must be exposed to the action of 
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the sulf^ureous acid, eithw ia the fofxh of gas, or 
Gombined with water, as directed for wool* 



Bleaching Prints and Printed Books. 

An application has been made of the new mode 
of bleaching to the whitening of books and prints 
that have been soiled by smoke and time^ 

Simple immersion in oxygenated muriatic acidf 
letting the article remain in it a longer or shorter 
space of time, according to the strength of the li- 
quid will be sufficient to whiten an .engraving. 

If it be required to whiten the paper of a bound 
book, as it is necessary that all the leaves i^ould 
be moistened by the acid, care must be taken to 
open the book well, and to make the boards rest 
upon the edge of the vessel in such a manner that 
the paper alone be dipped in the liquid : the leaves 
must be separated from each other, so that they 
may be equally moistened on both sides. 

The liquor assumes a yellow tint, and the pa- 
per becomes white in the same proportion j at the 
end of two or three hours the book may be t^ken 
from the acid liquor and plunged into pure water, 
with the same care and precaution as recommended 
in regard to the acid liquor, that the water may 
exactly touch the two surfaces of each leaf. The 
water must be renewed every hour, to extract the 
acid remaining in the paper, and to dissipate the 
disagreeable smelL 

By fdUiowing this process, there is some danger 
that the pages will not be all equally whitened, 
either because the leaves have not been sufficiently 
separated, or because the liquid has had more ac- 
tion on the front margins than on those near the 
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binding. On this account, the best way is to de- 
stroy the binding entirely, that each leaf may 
receive an equal and perfect immersion ; and this 
is the second process recommended by M. 
Chaptal. 

" They begin," says he, " by unsewingthe book, 
and separating it into leaves, which they place in 
cases formed in a leaden tub, with very thin slips 
of wood or glass ; so that the leaves, when laid flat, 
are separated from each other by intervals scarcely 
sensible. The acid is then poured in, making it 
fall on the sides of the tub, in order that the leaves 
may not be deranged by its motion. When the 
workman judges, by the whiteness of the paper, 
that is has been sufficiently acted upon by the 
acid, it is drawn off by a cock at the bottom of the 
tub ; and its place is supplied by clear fresh water, 
which weakens and carries off the remains of the 
acid, as well as the strong smell. The leaves 
ai'e then to be dried, and, after being pressed, may 
be again bound up. 

" The leaves may be placed also vertically in the 
tub ; and this position seems to possess some ad- 
vantage, as they will be less liable to be torn. 

*^ With this view, I constructed a wooden frame, 
which I adjusted to the proper height, according 
to the size of the leaves I wished to whiten. 

" This frame supported very thin slips of wood, 
leaving only the space of half a line between them. 
I placed two leaves in each of these intervals, and 
kept them fixed in their place by two small wooden 
wedges which I pushed in between the slips. 

" When the paper was whitened, I lifted up the 
frame with leaves, and plunged them in cold water, 
to remove the remains of the acid as well as the 
smell J this process I prefer to the other. 
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** By this operation^ books are not only cleaned, 
but the paper acquires a degree of whiteness su- 
perior to what is possessed when first made. 

** The use of this acid is attended also with the 
valuable advantage of destroying ink-spots. This 
liquor has no action upon spots of oil or animal 
grease ; but it has been long known that a weak 
solution of potash will effectually remove stains of 
that kind. 

" When I had to repair prints so torn that they 
exhibited only scraps pasted upon other paper, I was 
afraid of losing these fragments in the liquid, be- 
cause the paste became dissolved. In such cases, 
I enclosed the prints in a cylindric glass vessel, 
which I in verted, on the water in which I had put 
the mixture proper for extricating the oxygenated 
muriatic acid gas. This vapour, by filling the 
whole inside of the jar, acted upon the print, ex- 
tracted the grease as well as ink-spots, and the 
fragments remained pasted to the paper.'* 

Bleaching of Paper . 

The oxygenated muriatic acid has also been ap-" 
plied to the bleaching of paper, which it has ren- 
dered considerably more expeditious. 

Bleaching of old printed papers to be worked up 
again. — r Boil the paper for an instant in a solution 
of soda, rendered caustic by potash. Steep it in 
soap water, and then wash it, after which the pa- 
per may be reduced to a pulp by the paper-milL 

Bleaching of old written papers to be worked 
again. — Steep the papers in a cold solution of sul- 
phuric acid in water, after which wash them before 
they are taken to the mill. If the acidulated wa- 
ter be heated, it will be the more effectual. 
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Bleaching; of printecf papers without destroying 
the tea:ture of the leaves. — Steep the leaves in a 
caustic solution of soda, and afterwards in one of 
soap. Arrange the sheets alternately between 
cloths in the same manner as paper-makers dispose 
their sheets of paper when delivered from the 
form. Put the leaves in a press, and they will be- 
come whiter, unless they were originally loaded 
with printers' ink or size. If this should not com- 
pletely effect the whitening of the leaves, repeat 
the process a second, or even a third time. 

Bleaching coloured rags to make white paper. — *• 
Soak or macerate the rags sufficiently ; put them 
into ^ solution of caustic alcali, and then into the 
oxygenated muriatic acid; and, lastly, steep them 
into diluted sulphuric acid. 

DYEING. 

Dyeing is the art of extracting the colouring 
principle from different substances, and transfer- 
ring them to wool, silk, cotton, or linen. When 
other matters are coloured, the process is called 
staining. 

In dyeing, the colouring matter is not merely de- 
posited on the stuff, but is firmly attached to it by 
chemical combination depending on an qj^nity 
subsisting between them. 

If the colouring matters were merely spread 
over the surface of the fibres of the cloth, the co- 
lours produced might be very bright, but they 
would not be permanent, since they would be 
rubbed ofl^and would disappear when the cloth was 
washed, or even by exposure to the weather. Dye- 
ing is, therefore, a chemical process, consisting in 
combining a certain colouring matter with fibres of 
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cloth. The colouring maftets ire, for th6 most 
part, extracted from animal and vegetibl^ suB- 
stances, and have usually the colour which they 
give to the cloth. 

The particles of these colouring matters appear 
to be transparent, because the original colour of 
the cloth will appear through them. The colour 
of dyed cloth, therefore, does not depend upon the 
dye alone, but also upon the previous colour of the 
cloth. Thus, if the cloth be black it will not re- 
ceive a dye of any colour; and hence it is neces- 
sary, that the cloth should be white, if we wish io 
dye it of a very bright colour. 

TTie colouring matter, or dye-stuflj must be dis- 
solved in some liquid, that the particles may be 
precipitated upon the doth ; and it is essential - 
that its affinity for this solvent should not be so 
strong as for the cloth to be dyed. 

Thus the fecility with which cloth imbibes a dye 
depends upon two things j namely, the affinity be- 
tween the cloth and the dye stuff, and that between 
the dye stuff and its solvent. Much of the accu- 
racy of dyeing depends upon preserving a due 
proportion between these two affinities. If thfe 
affinity between the dye-stuff and cloth, compared 
with that between the dye-stuff and the solvent be 
too great, the cloth will receive the d^e too qidckly, 
and the colour will be apt to be unequal : atid if 
the affinity between the dye-stuff and the solvent be 
greater than between the dye-stuff and the cloth, 
the latter will scarcely receive the dye, or, at least, 
very faintly. 

ffool has the strongest affinity for colourrng- 
matters ; silfc the next strongest ; cottcttr has miich 
less affinity ; and lineii has the least of 0. ftenoe 
the dye-stuff for cotton or lineirshouftffeecfi^solved 
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in substances which they have less aflSnity for, thjm 
when silk or wool are to be dyed. Thus iron dis- 
solved in the sulphuric acid may dye wool ; but 
when it is intended to dye cotton and linen by 
iron, the latter should be dissolved in the acetous 
acid. 

. There are few colouring substances that have, 
of themselves, so strong an aflSnity for cloth as to 
answer the purpose of dyeing so as to remain per- 
manent; and, on this account, an intermediate 
substance is employed, that has a decided attraction 
for both the colouring matter and the cloth, thus 
serving as a bond of union between them. This 
substance is previously combined with the cloth, 
which is then dipped into the solution containing 
the dye-stuff. The dye-stuff combines with the in- 
termediate substance, which being firmly combined 
with the cloth, secures the permanence of the dye. 
Substances employed for this purpose are deno- 
minated mordants. Instead of this some prefer the 
term basis. 

The most important part of dyeing consists in 
the proper choice, and the proper application of 
mordants; as upon them, the permanency of every 
dye depends. What has been said respecting the 
application of colouring matters applies equally to 
the application of mordants. They must be pre- 
viously dissolved in some liquid, which has a 
weaker aflSnity to them than the cloth has, to 
which they are to be applied ; and the cloth must 
be dipped, or even steeped in this solution, in 
order to saturate itself with the mordant. The 
mordants are earths, metallic oxides, tan, and oil. 

Of the earths, alumine is the most useful. It is 
applied in the state of sulphate of alumine, or 
common alum ; and in that of acetate of alumine. 



Digitized by 



Google 



DYEING. 181 

When alum is used as a mordant, it is dissolved 
in water, and sometimes a quantity of tartar is 
added. The cloth is put into this solution, and 
kept till it has absorbed as much alumine as is ne- 
cessary. It is then taken out, and is washed and 
dried. A quantity of alumine has by this process 
combined with the fibres of the cloth, which is 
perceived by the latter weighing more than before. 
The addition of the tartar, or tartrate of potash, is 
made on two accounts ; the potash which it contains 
combines with the sulphuric acid of the alum, and 
thus prevents that very corrosive substance from 
injuring the texture of the cloth : the tartareous 
acid, on the other hand, combines with part of the 
alumine, and forms a tartrate of alumine, which is 
more easily decomposed by the cloth than alum. 

Acetate of alumine is used as a mordant for 
cotton and linen, which have a much less aflBihity 
than wool for alumine. The alumine is retained less 
powerftdly in a state" of combination by the acetic 
than by the sulphuric acid ; and, therefore, cotton 
and linen are better able to separate it and attach 
it: also the acetic acid being volatile, gradually 
leaves the earthy basis, and allows the alumine to 
unite to the stuff. 

This mordant is now prepared by pouring acetate 
of lead into a solution of ^dumj on which a double 
decomposition takes place j the sulphuric acid com- 
bines with the lead, and the sulphate of lead pre- 
cipitates in the form of an insoluble powder, while 
the alumine combines with acetous acid, and 
remains in the liquor. 

This mordant gives a richer colour than alum. 

Lime is also sometimes employed as a mordant : 
but it does not answer so well in general, not giving 
so good a colour. It is used either in the state 
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of l|me watei*^ or as sulphate of lime di8solve4 in 
water. 

Although all the metallic oxides have an affinity 
for cloth, only two, the oxides of tin and of iron, 
are much used as mordants. 

Tbp oxide of tin is one of the most valuable mor- 
dants, apd is the only one by which Scarlet, the 
brightest of all colours, can be produced. It was 
first brought to London by Kaf §ten^ a German, in 
1-543| which period forms an epoch in the history 
of dyeing. 

Pf ou^t ha§ shown that tin has two oxides. Th^ 
first, or grey oxide, consists of seventy parts of tin, 
and thirty oxygen : the second, or white oxide, of 
sixty parts of tip, and forty oxygen. The first ox- 
ide absorbs oxygen rapidly from the air, andbeconies 
converted into the white oxide. It is, therefore, 
the white oxide alone that is the real mordant j. 
siiice if th^ first were applied to cloth, as it proba^ 
bly often is, it must soon be converted into the 
white pxide by absorbing oxygen. 

Tii^ is use4 ^s a mordant in three states | dis- 
solved in nitro-muriatic acict in acetous acid, and 
irj. 9( mixture of sulphuric and muriatic acids. 
That commonly used by the dyefs, and called hy 
theip spirit of tin, is the nitro-muriate. It is pre- 
pared by dissolving granulated tin in very dilute 
nitric acid, or what is called single aquafortis : and 
a quantity of muriate of soda, or muriate of am- 
monia, is added* These salts are decomposed by 
tide nitric acid, and the muriatic acid is set free, 
sometimes to economize the nitric acid, a quan- 
tity of sulphuric acid is added, just sufficient to 
saturate the base of the muriate of soda. 

When nitro-muriate of tin is used as a mordant, 
it is dissolved in a large quantity of water, and 
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tartar is added. The cloth is then put in and kept 
till it is saturated. A double decomposklori tkk&s 
place ; the ititro^muriatic acid combines with the 
potash of the tartar, while the tartareous* acid disi 
solves the oxide of tin. When taftat ik used, 
tWefore, in any tonsiderable quantity, the ttioir* 
dant i^ not k nitro-muri^tfe, but a tartrate df tin. 

The fnuriO'Sitlphdte oftirij produced hf dissolving 
tih in muriatic acid, combined With about oxit" 
fourth of its weight of oil of vitriol, is also a Valuable 
mbrdailt, and is preferable to th6 last fof Sortie J)ur- 
pdses j it ft also less expensive. 

The o^ide of il'du is also a very useful tnqrdatit, 
dnd all kinds of cloth hd.ve a strong affinity fbt it. 
iThe'^ j>ermanency of the iron spots on linfen and 
cdttbh is a siiffidieht pirodf of this. Iron, ai^ a mo^i 
d^ftt, k u^ed in different states. Wool ii dyed 
gehferdlly by iHeans df the sulphate df iron, which 
fd^y also be iised for cotton. Acetate of iron, j[n-e. 
pifed by dissolvihg iron in vinegar, ^our beer, &d., 
ii^ prfeiferable for some purposes. The Jiyro-lig- 
lieous ^cid, ^hich differs from the acetic only in 
JistVifig iti combination a certain quantity of empy- 
i^xiitn^ilc oil, ii at present preferred to the sulphuric, 
&t kcetic. 

The astringetit principle, or tanm% is also em- 
|)idyed as a ifiordant, and has a strong affinity for 
cloth, and also for cdlouritig matters. An infusion 
h^ Mt'gallSj suinach^ oak bark, of any other sUb^ 
ststnee (containing tannii^, is made in watery and th^ 
cloth is kept in it till it has absorbed a sufficient 
qti^tity of tannin. Silk has so strong an affinity 
ibt tannin, that manufacturers sometimes empldy 
this tircumstance to increase the weight of their silk; 

A compound mordant is sometimes produced by 
Impregnating the cloth first with oilj then >frith the 
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astringent principlei and, lastly, with the aluminous 
mordant This is employed in dyeing the Adria- 
Qople red. 

Several other substances are used as mordants 
occasionally! either as principals, or to facilitate the 
combinations of others with the cloths ; such as ni* 
trate of bismuth, oxide of arsenic, corrosive sub- 
limate, acetate of lead, sulphate, or acetate of 
copper, &c. 

The chief use of mordants is to render the dyes 
permanent, but they have also considerable in- 
fluence on the colour produced : thus, the same 
colouring matter will produce very different dyes, 
according to the mordant used to fix it. If the 
aluminous mordant be used for cochineal, the colour 
will be crimson ; but if the oxide of iron be used for 
the same colouring matter, black will be the result* 

It is necessary, therefore, to choose such mor- 
dants and colouring matters as together shall pro- 
duce the desired colour. And this principle 
enables us also to produce various colours with 
the same dye-stuff, only by changing the mordant. 

It is probable that the whole of the surface of 
the fibres of cloth are not covered by the colouring 
matters precipitated upon them; but that the 
particles of colour are at some distance from each 
other. For cloth may be dyed different shades of 
the same colour; that is, it may be dyed deeper a 
second time than at first, by increasing the quan- 
tity of colouring matter, which could not be the 
case if the whole surface were covered. Another 
circumstance renders this opinion probable; all 
those colours which dyers call compound are made 
by dyeing the cloth first one colour, and then 
another : thus, green is got by dyeing cloth first 
blue and then yellow. 
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In dyeing, the water employed should be as * 
pure as possible, and the exact temperature in each 
process should be attended to. The dye-houses 
should be spacious, lights and airy, and cleanness is 
essentially necessary. The stuffs are supported in 
the cauldrons, or baths, by proper apparatus, and 
are drawn through them by a winch, or reelt 

Of Dyeing^ Red. 

The colouring matters employed for dyeing red 
are cochineal, kermes, madder, lac. Brazil-wood, 
logwood, and carthamus. Cochineal is a species 
of insect (the coccus cacti, Lin.) brought from 
America. The decoction of it affords a very bright 
crimson colour, inclining to violet. When alum 
is added to this decoction, it combines with its 
colouring matter, and forms a red precipitate. 
Muriate of tin gives a still more beautiful colour. 

Kermes is also an insect found in several parts 
of Asia, and the south of Europe, which furnishes 
a red dye, by some thought not inferior to cochi- 
neal, but which has not been so mucli used since 
the introduction of the latter. 

Madder is the root of a plant (rubia tinctorium, 
Lin.) The colouring matter of madder is extracted 
by water, either cold or hot, and precipitates of 
various shades of red may be obtained by alum, 
chalk, acetate of lead, and muriate of tin. 

Lac is a colouring matter of animal origin, pro- 
duced in the East Indies, from the cocctis lacca, a 
small winged insect. This insect forms cells for 
its young, as regular as the honey-comb, but diffe- 
rently arranged ; and the lac is procured from the 
substance of which these cells are made. The whole 
matter of thesq cells is called stick lac; when the 
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red colouring matter is extracted by water, what 
remains is a resinous Substance called shdtt toe, used 
for various purposes, aS Vartiishds, sealing \Va*, &(i. 
Water dissolves lac, and th^ decofctidti is of a dSfep 
crimson colour. The precipitate, With alutfl 6f 
riitro-murlate of tiii, forms a fitie red. 

Brd^iUtvood is ah artide used in dyeing. It is 
the central part of a large tf e6, that grows in Srizil. 
It is heavier thafi water, and affords a decoction of a 
red colour with wat^r. The precipitate, with alum 
and nitro-muriate of tin, is a fine red, 

Pinch'i€bdd giVe^ a colour itiferioi* to Brazil, ind 
also iti Sttlailer cjuantity. 

Ldgwood atfbifds i colouritig ittatter ext^siVeJy 
used itl dyeitig. It is vei^y hestvy, and sifilcs vti 
WAt^f. Its decoctlott is yelldw, but by aliirrt be- 
(iofties violet at purple; by sulphate of iWtt It 
BefcomfeS black. 

CdHhtmus is the flower of a plant ctiltivat^d irt 
Spain and the Levant. It cbntairis two* colouring 
iHatterS i a yellow, which is soluble in Water ; and 
a fed, which is ini^oluble iii water, but sdlublfe hi 
alcaline carbotlats. Thd red colouring mjtttefr of 
caithamus, extracted by c^rbofiat^l of sod^, pred- 
pitated by lemon-juice, aftd ground With talc, coii- 
stittltfes ther r&uge eniployfed aS a cosmetic: the 
firteiiess of the talc, and the projiortion of it miiied 
with the cdrthamu^, occasion the difference betweeh 
thel dheapei- and dearer kinds of r6uge. 

Wool is dierd sc^lrlet, which is the most splendid 
of all reds, by cochineal. Alum will do as a mor- 
dant for fixing the red ; but nitro-muriate of tin, 
6r what is still better, the murio-sulphate of tin, tite 
now used as preferable mordants. To die Wool 
scarlet, a bath is made by mixing pure tartar with 
a little cochineal and nitro-muriate of tin ; but as 
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the red produced by cochineal alone is rather a 
etimson than a scarlet; and as the colour of scarlet 
is, in fact, crimson and yellow, sonl[6 yelldW dy6, 
or fustic, turmeric, or quercitron bark, iS added to 
the cochineal in the first bath. 

liito this the cloth is put, and boiled for two 
hours. It is then washed, and afterwards pUt Intd 
a second bath of cochineal, which is called th6 rfed- 
dening. When crimson is the colour to be giV6tl 
to the cloth, the tin itiordaiit is the best; but some- 
times the dyers use the alum for this purpose, a;rtd 
then a decoction of cochineal. The addition of 
atchii and potash renders the crirasoh datket, atid 
gives it more bloom, but this is very fbgitive. l^di- 
paler crimsons, some madder is substituffed for a 
portion of the cochineal. Wool is dyed maddef -Jf^d, 
by boiUng it first two or three hours with alum Andt 
tartaf, and theti in a bath of madder. 

Silk may be dyed crimson With cocjhltteal or 
Brazil-wood, and sometimes carthamus is tised. The 
nitro-muriate of tin is the best mordant, but altltti 
mdy be also used; Madder does not give 4i colour 
sumcieiitly bright. 

Poppy colour, cherry, ros6^ kud flesh colour, ai'e 
given to silk by carthamus or Brazil-wood. When 
the carthamus is employed, »n aldaline solution is 
made, and as much lemon-juice as will give it a 
fine cherry-red is poured into it. 

It is extremely diflScultto giVe silk a scarlfetj awd 
it is scarcely possible to give it a full scarlet* The 
murio-sulphate of tin, as a mordant, is first Used, 
then the bath of -cochineal and quercitwn, and 
lastly, the cochineal bath alone. A colour approach- 
ing to scarlet may also be given to silk, by dyeing 
it first crimson, then dyeing it with carthamlis, and 
lastly yell6W, without heat. 
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Cotton and linen are dyed red with madder* 
Cochineal, which gives so fine a red to wool, by the 
nitro-muriate of tin, communicates only a dirty red 
to cotton and linen, by the same means. 

Madder reds are of two kinds. 1. The common 
madder red, which is formed by impregnating the 
cotton or linen with galls, and afterwards alumed, 
and then putting them into the madder bath. 
2. The Adrianople, or Turkey red. This process 
was brought from the East. It is more durable 
and more beautiful than the common red. The 
cloth is first impregnated with oil, then with galls, 
and lastly, with alum. It is then boiled for an 
hour, in a decoction of madder, which is commonly 
mixed with a quantity of blood. After the cloth is 
dyed, it is plunged into a soda ley, in order to 
brighten the colour. The chief difficulty is in 
the application of the mordant, which is the 
most complicated employed in the whole art of 
dyeing. 

Cotton may be dyed scarlet by the murio-sul- 
phate of tin, cochineal, and quercitron bark j but 
the colour is extremely fugitive. 

Of Dyeing Yellow. 

The chief yellow dyes are weld, sumach, fustic, 
turmeric, and quercitron bark. 

Weld is a vegetable that grows commonly in 
this country. 

Sumach is a shrub growing naturally in the 
South of Europe. 

Ficstic is the wood of a tree which grows in the 
West Indies. 

Quercitron is the bark of a tree which is a native 
of North America. 
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It is not possible to give to cloth a permanent 
yellow colour without the use of mordants. Alum 
is the most usual mordant. Wool is dyed yellow 
by weld, by the use of alum and tartar. Quercitron 
hark gives nearly the same colour, but more abun- 
dantly, and it is rather cheaper than weld. The 
process is as follows : boil the cloth for an hour or 
more in a solution of alum, and then immerse it in 
a bath of quercitron bark. Next add a small quan- 
tity of clean powdered chalk, and continue the 
boiling for eight or ten minutes. The yellow thus 
given will be as good as that obtained from weld. 

If very bright yellows are required, the tin mor- 
dant must be used; and sometimes alum is added 
to the tin* 

If an addition of tartar be made to the mordant, 
the yellow will have a slight tinge of green. 

If an orange or an aurora be required, a small 
portion of cochineal must be added. 

SUk used formerly to be always dyed yellow 
with weld, but quercitron bark is now found to 
answer equally well, and at less expense. The 
proportion should be from one to two parts of bark 
to twelve pounds of silk, according to the particular 
shade of colour wanted. The bark, powdered and 
tied up in a bag, should be put into the dyeing 
vessel whilst the water is cold, and as soon as it 
becomes blood warm, the silk previously alumed 
should also be put in and dyed as usual, and when 
the shade is required to be deep, a little chalk or 
pearl-ashes may be added towards the end of the 
operation. 

When very lively yellows are required, a little of 
the murio-sulphate of tin may be employed as a 
mordant in addition to the alum. Annotto com- 
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municates an aurora colour to silk, the colour of 
the annotto is extracted by means of alcali. 

To dye cotton and linen yellow, proceed as fol- 
lows. Take a sufficient quantity of the acetate of 
alumine, formed by dissolving one pound of sugar 
of lead, and three pounds of alum, and the cotton 
or linen being properly cleansed, immerse it in this 
mordant (which ought to be blood warm) for two 
hours, let it be then taken out and moderately 
pressed or squeezed over a proper vessel, to prevent 
the unnecessary waste of the mordant, dry it in a 
stove heat, and soak it again in the aluminous mor- 
dant; it is then taken out, and again pressed and 
squeezed as before; after which, without being 
rinsed, it is thoroughly wetted in as much, ^ and 
only as much, lime-water as will conveniently suf- 
fice for that purpose, and afterwards dried. The 
soaking in the acetate of alumine may be again re- 
peated, and if the shade of yellow is required to be 
very bright and durable, the alternate wetting with 
lime water and soaking in the mordant may be re- 
peated three or four times. Thus a sufficient quan- 
tity of alumine is combined with the cloth, and the 
combination is rendered more permanent by the 
addition of some lime. The dyeing both is pre- 
pared by putting 12 or 18 parts of quercitron bark, 
(accordingto the depth of the shade required,) tied 
up in a bag, into a sufficient quantity of cold water. 
Into this bath the cloth is to be put, and turned 
round in it for an hour, while its temperature is 
gradually raised to about 120^, it is then to be 
brought to a boiling heat, and the cloth allowed 
to remain in it after that only a few minutes. If 
it be kept long at a boiling heat, the yellow ac- 
quires a shade of brown. 
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To dye nankeen yellow, boil the cotton in a so- 
lution of carbonate of potash, and then dip it in a 
solution of the red sulphate of iron. 



Of Dyeing Blue. 

Ther^ ar^ but few substances capable of furnish^ 
V ing blue dyes. The only vegetable products are 
indigo and wood. Indigo is a rich blue colour 
procured from th^ fecula of a species of plant that 
is cultivated in America, and also in the East Indies, 
The colouring matter is extracted by water, and is 
at first green, but immediately absorbs oxygen, 
and then assumes a blue colour. It becomes at 
the same time insoluble in water, but is soluble io 
sulphuric acid. 

. As indigo has a very strong affinity for wool, silk, 
cotton, and linen, a mordant is unnecessary in dy&> 
ing with it. The colour is very permanent, because 
the indigo being already saturated with o^tygen, to 
which it owes its blue colour, is little liable to be 
decomposed. But it is essential th^t the ipdigo 
be applied in a state of solution in order to attach 
itself to the cloth. 

A solution of indigo in the sulphuric acid is used 
for dyeing wool ; this is called Saxon blucj and it 
gives a very beautiful colour. But it will not do 
for dying cotton or wool, because their affinity for 
indigo is not sufficiently great to enable them to 
decompose the sulphate of indigo. 

To dye by the sulphate of indigo, dissolve one 
part of indigo in four parts of concentrated sul- 
phuric acid ; add to the solution one part of dry car- 
bonate of potash, and dilute the whple with eight 
tim^s its weight of water. Bqil the doth for an 
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hour in a solution of five parts of alum, and three 
of tartar, for every thirty-two parts of cloth. The 
cloth is then to be put into a bath of sulphate -of 
indigo, diluted according to the strength of shade 
required, and kept till it has acquired the desired 
colour. The use of the alum and tartar is not to 
act as mordants, but to facilitate the decomposition 
of the indigo. The alcali is added to the sulphate 
for the same reason. Another use of these^ sub- 
stances is, that they protect the cloth from the action 
of the sulphuric acid, by neutralizing part of it, 
otherwise the texture of the cloth might be 
injured. 

This, however, is not the most common method of 
dyeing by indigo. The usual method is to deprive 
the indigo of the oxygen which has been combined 
with the green fecula, and to which it owes its blue 
colour, and thus reduce to the green state again. 
It is then capable of being dissolved in water by 
means of the alcalies or alcaline earths, which act 
upon it very readily in that state, 

To dye wool blue, indigo is mixed with wood, 
bran, and madder, vegetable substances which 
readily undergo fermentation ; and the whole is 
boiled together, stirring the mixture frequently. 
By this a fermentation takes place, and the oxy- 
gen is separated from the indigo. Quick lime or 
alcali is then thrown in, which dissolves the green 
base of the indigo. The Isolution of indigo is apt 
to run into the putrid fermentation, which is known 
by the putrid vapours which it exhales ; the green 
colour then disappears, and, indeed, the colouring 
matter is decomposed. This danger is prevented 
by adding more lime to correct the putrescent 
tendency. Sometimes the fermentation does not 
proceed with sufficient activity, and then more bran 
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or wood is to be added. When the wool or doth 
is to be put into the indigo vat to be dyed, it 
should be wrung out of tepid water, and then in- 
troduced into the vat, where it should be kept for a 
longer or shorter time according to the strength of 
shade required. After being taken out, it is ex- 
posed to air, when the green colour which it had 
imbibed in the vat is changed to a blue by the 
absorption of the oxygen of the atmosphere. It is 
then to be carefully washed. 

Woad itself contains a colouring matter exactly 
similar to indigo, and indigo may be extracted from 
it, but the quantity is small. 

Cotton and linen are dyed blue by putting the 
indigo into a solution of some substance that has 
a stronger affinity for oxygen than the green bases 
of indigo. Green sulphate of iron, and metallic 
sulphurets answer this purpose, the green sulphate 
attracts the oxygen from the indigo, and reduces 
it to the green state, in which it is dissolved by 
lime added to the solution. The cloth is then put 
into the bath. 

Silk is dyed blue by indigo fermented by bran 
and msldder, and the indigo dissolved by potash. 
If the shade required be dark, it is dyed first with 
archill, which is called giving it aground colour.n 

Of dyeing Black. 

The substance that produces the black dye is the 
tannO'gallate of iron. Decoctions of many vege- 
tables strike a black with a solution of the red 
oxide of iron. Of these nut-galls give the most 
copious predipitate. 

Logwood is generally employed as an auxiliary, 
because it communicates lustre, and adds consider- 
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laWy toth^ftilhiessoftheblack. The decoction 
df logwood which is reddish becomes black by 
sulphate <rf* iron* 

To dye cloth or wool black, the first process 
generally is to dye it blue, which renders the black 
to be given tnore intense. If the cloth be coj^se, 
and the blue dye too expensive, a brown dye may 
be given by means of walnut peels. It is then 
boiled for two hours in a decoction of nut galls, 
and then for two hours more in a bath composed 
of logwood and sulphate of iron, at a scalding heat, 
but not boiled. During the operation, it must be 
frequently exposed to the air. The common pro- 
portion are five parts of galls, five of sulphate of 
iron, and thirty of logwood, for every 100 of cloth. 
For coarse cloths the previous blue dye is CNtnitted. 
The cloth is then washed and fulled. 

Sitk is dyed black as follows* After boiling it 
with soap, it is galled, and afterwards washed. It 
combines with a considerable portion of the astrin- 
gent principle, and increases in weight. It is then 
dipped into a bath of sulphate of iron and gum 
arabic. 

Cotton and linen are first dyed blue, then steeped 
in a decoction of galls, and alder bark. It is then 
put into a bath of acetite of iron, taken out and 
exposed to the air. This operation is repeated 
several times. 



Of dyeing Compound Colours. 

Compound colours are produced either by mix- 
ing together two or more simple ones, or by dyeingf 
cloth first one simple colour and afterwards 
another* 
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Qretns are fbrnied of blues artd yellows. Wool 
is dyed green by dyeing it first blue of a deptb hf 
shade sufficient for the required kihd of greehi It 
is then wttihed and boiled in a bath of weld arid 
tartar^ or any of thd processes used fbr dy^ngUile 
and yellow may be uded. Vatioos shades vriil be 
given by diflferent proportions of the dyeihg ma- 
terials. The green called Siixon green is obtained 
by solutions of indigo in sulphuric acid, socnettiMS 
Quercitron bark is used. Ancfthdr pifooesil fbr 
Saxon green is by the Quercitron barki and then k 
bath of the murio-sulphate of tia and sluMt with 
sulphate of indigo. 

Purplei^ *moletSj &c. — All the shades 6f these 
eolours ilre formed of blue and red. Som^mes 
the doth is dyed blue and then tearlety and vfAe^ 
times coehineal is mixed with sulphate of in^^go, 
aild the purple dyed at once. Silk is dyed firiit My 
cochineal and afterwards by indi^ Cotton and 
linen are dyed bluei then galled, and boiled in 
logwood. 

Orange colours are produced by mixtures of 
yellow and red* Wool is first dyed scarlet and 
then yellow. 

Ofiw is blue combined with ted attd ye{te#. 

Cirmamon colour is given t6 wool by cJyeitf^ it 
first with madder, then yellow* Silk is dyed the 
same colour by logwood> Bfazil-wood, and fulStic?. 
Cotton and linen receive a cinnamon colduf by 
weld and madder. 

Brown is given to cloth by quercitron bark,- c* 
by walnut peels. 

Wlien walnut peels, or the green covering of the 
walnut, are first separated,^ they are white intef rially, 
but soon assume a brown Or even a black coloiit 
on exposure to the air. .They reakiily giv6 tip thdt 
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colouring matter to water. It is comttion to keep 
them in water for a year before they are used. 
Wool is dyed brown with them by steeping in a 
decoction for a length of time proportioned to the 
depth of colour required. The same colouring 
matter is found in the root of the walnut-tree, but 
in smaller quantity. Other trees, as the bark of the 
birch may be used for dyeing browns, and in these 
cases it is probable that the colouring matter is 
combined with the tanning principle, and this may 
be the reason why no mordant is necessary, both 
the cloth and colouring matter having a strong 
affinity for tannin. 

Drab colours are dyed by combining brown 
oxide of iron with the cloth, and then the yellow 
of quercitron bark. The strength of shade will be 
mote^ or less, by varying the quantity of the mor- 
dant, when the proportion is small the colour in- 
clines to olive or yellow, on the contrary the drab 
may be deepened or saddened, as the dyers term 
it, by mixing a little sumach with the bark. 

CALICO PRINTING. 

Calico is a species of cotton cloth ornamented with 
coloured patterns. The name is derived from Cali- 
cut, a district of India, where it was first made, and 
from whence it was formerly imported. The art 
of making caUcoes had been practised there from 
time immemorial, but it is scarcely a hundred 
years since it was known in Europe; it has al- 
ready risen to such perfection as to equal if not 
exceed the manufactures of India, in the elegance 
of the patterns, the beauty and permanance of the 
colours, and the expedition with which the dijfferent 
operations are carried on. 
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The process of calico-printing consists in impreg- 
nating those parts of the cloth which are to receive 
the coloured pattern with a mordant, and then dye- 
ing the cloth by the usual methods. The dye is 
firmly fixed to that part only where the mordant 
has been applied ; and, although the whole cloth 
has received the tint, yet the colour will be easiljr 
discharged from the unmordanted parts by washing, 
and exposing on the grass to the sun and air for 
some days with the wrong side uppermost. Thus, 
suppose a pattern had been applied to white cloth 
with a solution of acetite of alumine, and that thea 
the whole was dyed with madder ; when taken out 
of the dye-vat the whole cloth would be red ; but, 
by washing and bleaching, the madder will be dis- 
charged from every part of the cloth except where 
the acetite of alumine had been applied ; and, con- 
sequently, the pattern alone will appear red. In 
the same manner the patterns may be applied of 
any other colour by varying the dye, as quercitron 
bark or weld for yellow, &c. 

Two mordants are particularly employed in ca- 
lico-printing, acetite of alumine, and iron dissolved 
in some vegetable acid. 

The acetite of alumine is made by a double de- 
composition of alum and sugar of lead. When iron 
is used as a mordant, it is dissolved in vinegar, 
soured beer, or pyroligneous acid ; and it is, there- 
fore, an acetite of iron mixed with a portion of tar- 
trite, gallate, and, perhaps, other salts of the metal. 

When the colour of the required pattern varies 
in different places, this effect is produced on the 
cloth, by impregnating the several parts with vari- 
ous mordants. Thus, if one part is printed with 
acetite of alumine, and another with acetite of iron, 
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zv^ the wholp^ clp^h aft^r>Y^rds 4y?d with vn^d- 
c^ afld JDleach^d, tlie pattern will ^ppe^^^ i^ 
r§(^ nqd brpwp. 

Xh^ mqrdants ^re applied to the cloth fitl^^r by 
apeupiV^^ \)y meaps of l?locks ou which the p^tn 
*Wfl if Wt. Care fliust h§. taken that the printing 
f^pp^ the biock doe$ not spread, pr that th? impr^?^ 
si^s ftaui tl^e several bloqlcs do not int?rf^f withi 
cmp s^pothpr when Btiore tl^an ope is applipd* For 
tqisi purpose it is p^cess^ry, th^t tl^e substjincQ \\f^Q^ 
v^ ipfprds^X^U should have a degree of 90Tisi§^t^nce 
^%f^ maj prevent thwn from spr^a^ing, Jlouy 
fS^^Xe^ QV stajTch, is mi>^ed with th^ niord^^nt whf?n it 
is a^pli^d hy blocks, and gum arabic wheiji \\ i« 
biit 9^ hy ^ peiipii. This thick?ining requires ex^ctr 
H9^ ? if t09 littip, is yse^ tjh^ pattern wiW spread i 
m[^ if ^90 mu9l\, the cqtton will ngit rf;9eiv^ e^ suf- 
%jent QHantity 9f th^ nxor^apt,^ an.d wiU t^fee thf^ 
4^e i^fiji^rfe^tly. 

In Qjfdei:. t^at \\ifi, i?apres§iipn given ^y the \4oeka 
with the mordant may b^ s^en easily Ijiefpr^ it k 
djqd, t|^e pt^wdant is tinged with swft^ colpiwing 

3^tt^ iliat will not remain fij^ed, D^c(3^tiou o;^' 
razil-wood is used for this purpose, 

Bfefpre printing, the cpttpn cloth is well blea,Qhed 
and calei^dered, and la^id, smooth on a ta,bl^ : the 
btpQljs aje applied by hand, ^nd struck with a 
m^allet, ThQ cotton is then dried w^U in, a irpam 
wi^ljh «j stpve, which not pnly fixes the nioi:d^t 
more securely, but drives off part of th^ acetous 
acid from its base, by which the mordant will, ^pm- 
bine in a greater proportipn, and more intimately 
with the cloth. 

To discharge thp paste and gum used with the 
murdaiit, tlie cloth is nex;t tjo be wa^shed with w^rm 
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W£^er and cow-*dufig i this, also, di^<M:g6a fiuch 
parts of the mordant as are not ptoperlyitx^ 
enough being still left to fix the dye. Th« <;lotb 
is then rinsed in qlear water. It is then dyed in 
the uspal manner. 

The principal dye^8tuff§ used by $f^li^o-print^pl9 
are indigo, madder, quercitron bark, ftnd weld* 

After dyeing, the cloth is well warfied* ei^po^d 
pa the gra^, and bjea^h^ ; by whiqh ^U th^ parts 
BQt touched by the mordant ar^ resfc^i^d to their 
origint^l whiteness. 

In this manner various colours m^y be given by 
one dyeing, merely by varying the mor^XiU Thus, 
if one pattern be printed with alum alonei a second 
with a mixture of alum and iron liquoft ft third 
with iron liquor alone, and a fourth wiUi iron li» 
f i^or and galls, and the piece be aftOTwarda 4jed 
with quercitron or weld, and the ground bl^ach^ 
in, the uftiAal mauner j the first patt^ra wUl be pur« 
yellow, the pecond will be olive, the third of K dfttk 
drab eolouy, and the fourth nearly blaqk^ ^1^9 
the ground will be white* 

A^ indigo do^ iipt require any mi^rd^ti it is 
applied at once, either by a pencil or by a blocd^ 
and paste. But, as has been mentioned under dy% 
v^ indigo will not qombine with the cloth f xQf pt 
in its disoxygenated or green state ; ai;^> if s^Ued 
thu9 by the pencilj^ it would return to tb6 blue rtate 
beib^e it had time to fi^ upon the sti^. Thei in^ 
dig>o, iS| therefore, prepared by boiling with pQtMh» 
made^ caustic by quicklime, to. which i& added 
©rpiment for the disoxygenatifloi of tlie indigjc^ 
T^is solution is thickened with gum« Xt laaui^ b# 
excluded f^^om the air, otherwise it would attract 
oxygen and return to ti^e blue or insoluble itafe?. 
Dr, Bancroft proposed substituting browu sugar 

o 4 

Digitized by VjOOQ IC 



too CALICO PRINTING. 

for orpiments, as it is equally efficacious in disoxy- 
genating the indigo, and will also serve instead 
of gum. 

Some calicoes are printed only with one colour ; 
others have two ; others three, or more, even to 
the number of eight, ten, or twelve. The smaller 
the number of colours, the fewer are the processes. 
To give an example where six colours are used. 

1. A nankeen yellow, of various shades down to 
a deep yellowish brown or drab, is given by acetite 
of iron put on with gum or paste, and afterwards 
plunged into the potash ley. 

2. Yellow, by a mordant of acetite of alumine, 
the dyeing by quercitron bark and bleaching. 

3. Red, by the last process, only madder is sub- 
stituted for the bark. 

4. Light blue is given by making a block for all 
those parts that are to be white, and printing by 
it on the cloth a composition of which wax is the 
principal ingredient, or pipe-clay and paste. The 
cloth is then dyed in a cold indigo vat, and the 
wax removed by hot water. 

5. Lilac flea-brown, and blackish brown, are 
given by acetite of iron, and dyeing afterwards 
with madder. 

6. Dove-colour and drab, by acetite of iron and 
quercitron bark. 

The same mordant will frequently do for several 
colours. Thus, suppose one part of the' cloth 
should be printed with acetite of alumine, another 
with acetite of iron, and a third with a mixture of 
these two mordants, and the whole afterwards dyed 
with quercitron bark ; then the following colours 
would appear, viz. yellow, drab, olive; and various 
depths of shade will be given by varying the pro- 
portions of iron in the mordant. 
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If some parts of the yellow be covered over with 
the indigo liquor, applied with a pencil, it will be 
converted into green. By the indigo, also, any 
parts that are required to be blue may be pencilled. 

If, instead of quercitron bark, the cloth printed 
with the three mordants just mentioned be dyed 
with madder, then the colours exhibited will be 
red, brown or black, and purple. 

Other processes are still more complicated when 
a great number of colours are required. New 
mordants are applied to parts of the pattern alrea^ 
dy printed, and the cloth again dyed, by which 
those parts only receive a new colour. 

Sometimes the dye stuff and the mordant are 
mixed together in the first instance, and printed on 
the cloth, which is a great saving of time and ex- 
pense ; but the colours thus produced on the cloth 
are not permanent: washing, or even exposure to 
the air frequently destroys them. 

TANNING. 

Tanning is the art of converting the raw skins of 
animals into leather. 

The skin is composed chiefly of two parts, a thin 
white elastic layer on the outside, which is called 
the epidermis J or cuticle ; and a much thicker layer, 
composed of a great many fibres, closely inter- 
woven, and disposed in difierent directions: this 
is called the cutis^ or true skin. 

The epidermis is that part of the skin which is 
raised in blisters. It is easily separated from the 
cutis by maceration in hot water. It possesses a 
very great degree^of elasticity. It is totally inso- 
luble in water and alcohol. Pure fixed alcaJis dis- 
solve it completely, as does lime likewise though 
slowly. 
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When a portion qf cutia is macerated for some 
hoiirs in water, with agitation and pressure, the 
blood, and all the extraneous, matter with whi(Jh it 
^aa loaded, are separated from it, but its texture 
remains unaltered. On evaporating the water em- 
ployed, a small quantity of gelatine may be ob- 
t^iined. No subsequent maceration in cold water 
has any farther effect 5 the weight of the cutis is 
not diminished, and its texture is not altered j but 
if it be boiled ip ^ suflScient quantity of waiter, it 
va^y be completely dissolved, and the whole of it, 
by evaporating the water, obtained in the state of 
gelatine. 

|t was mentioned, when treating of chemistry, 
' tb^t gelatine with tannm, or the tmning ^indpie of 
vegetables, formed" a combination, which is inso* 
:(^b)e in water. Upon this depends the art of 
^nal^i^g leather; the gelatinous part of th^ skin 
combining with the tannin of the bJM^k usually" 
employed. 

The process which ha^ Ipng been used in this 
country is as follows ; the leather tanned in Eng- 
land ccmsists chiefly of tliree sorts> know© by the 
name of butts or backs^ Aie/^^, and ^ins* BuUs are 
generally made ftom the^ stoutest and heaviest ox 
iudeS) and are managed as follows : after th^ horns 
are taken off, the hides are laid smooth in he^ for 
one or two days in the summer, and for five oar six 
in til? winter ; they are then hung on poles, in a 
close room called a smol^e-A^ouse, in which is kept 
a smouldering fire of wet tan j this occasions a 
small degree of putrefaction, by which means the 
hair is easily got oft) by spreading the hide on a 
sort of wopden horse or beam* and scraping it with 
a crooked knife. The hair being taken off, the 
bide is thrown into a pit or pool of water, to 
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cl«f use it fTqtif\ th^ dirt, &e. whi^h l^eipg done, tbf 
hide is agaiq spread ,on th^ wooden beam, and th^ 
gy^flL§f>, loose flesl^, e^tran^us filth* &c. carefully 
sci^yb}>ed out or taken offy the hid^s arci then put 
i|it0 ^ pit of strong liquoa-, called ooz^ prepared in 
pits ^ept for the purpose, by infusing ground baric 
in Tin^ater i this i» termed colouring ; after whiqh 
they are rernoyed into another pit called a scQw^r-r 
i^g* wbich consists of water strongly imprf guated 
with vitrioliq acid, or with a vegetable acid, pFepare^ 
firopi rye oj: barley. This operation (which is calle^ 
^(iki^)t by distending the pores of t{ie hides, occa- 
sions them more readily tp imbibe the opze, the el*# 
feet ol* which is to combine with the gelatinous part 
of tihe s^kin, and form with it feather^ The hidea ^v^ 
then taken qut of the scowering, and spread smooth 
ia a pit comnipnly filled with water, called ^^ ^nd^^ 
\ili\x a quantity of ground bark strewed between 
each, After laying a month or six weeks, they axQ 
taken up ; and the decayed bark and Jiquoi beit^ 
dfavn put of the pit, it is filled again \rith &tf png 
ooze, when they are put in as before, with batk 
between each hide^ They now lie two or three 
mcMftthss^ at the expiration of which the same opei> 
ati^ is repeated ; 'they then remain four or fiy^ 
months, when they again undergo the sam»e process* 
and after beii^ three months in the last pit^are com- 
pletely tauned; unless the hides aie so remarkably 
stout as to want an additional pit or layer^ Thet 
MfhoJe process requires from eleven to eighteen 
nfio^ths* and^metimestwa years, according to the 
subrtauci^ of the hide, and discretion of t^ie tannen 
When taken out of the pit to be diied, they are 
hung on poles, and after being compressed by a 
steel pin, and beat out smooth by wooden hammers, 
called hattSy the operation is complete ; wA wh^ 
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thoroughly dry, they are fit for sale. Butts are 
chiefly used for the soles of stout shoes. 

The leather which goes under the denomination 
of hides^ is generally made of cow hides, or the 
lighter ox hides, which are thus managed. After 
the horns are taken off, and the hides washed, they 
are put into a pit of water, saturated with lime, 
where they remain a few days, when they are taken 
out, and the hair scraped off on a wooden beam, as 
before described j they are then washed in a pit, 
or pool of water, and the loose flesh, &c. being 
taken off, they are removed into a pit of weak 
ooze, where they are taken up, and put down 
(which is technically termed handling^ two or 
three times a-day, for the first week ; every second 
or third day they are shifted into a pit of fresh 
ooze, somewhat stronger than the former ; till at 
the end of a month or six weeks they are put into 
a strong ooze, in which they are handled once or 

twice a- week with fresh bark for two or three' 

/ 

months. They are then removed into another pit, 
called a feyer, in which they are laid smooth, with 
bark ground very fine, strewed between each hide. 
After remaining here two or three months, they 
are generally taken up, when the ooze is drawn out, 
and the hides put in again with fresh ooze and 
fresh bark, where, after lying two or three months 
more, they are completely tanned, except a few 
viery stout hides, which may require an extra layer: 
they are then taken out, and hung on poles, and 
being hammered and smoothed by a steel pin, are, 
when dry, fit for sale. These hides are called crop 
hides ; they are from ten to eighteen months in 
tanning, and are used for the soles of shoes. 

Skins is the general term for the skins of 
calves, seals, hogs, dogs, &c. These, after being 
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washed in water, are put into lime pits, as before 
mentioned, where they are taken up and put down 
every third or fourth day, for a fortnight or three 
weeks, in order to destroy the epidermis of the 
skin. The hair is then scraped off, and the excres- 
cences being removed, they are put into a pit of 
water impregnated with pigeon dung, called a 
grainer^ forming an alcaline ley, which in a week 
or ten days soaking out the lime, grease, and sa- 
ponaceous matter (during which period they are 
several times scraped over with a crooked knife, to 
work out the dirt and filth), softens the skins, and 
prepares them for the reception of the ooze. They 
are then put into a pit of weak ooze, in the same 
manner as the hides, and being frequently handled, 
are by degrees removed into a stronge^, and still 
stronger liquor, for a month or six weeks, when 
they are put into a very strong ooze, with fresh 
bark ground very fine, and at the end of two or 
three months, according to their substances, are 
sufficiently tanned: when they are taken out, 
hung on poles, dried, and are fit for sale. These 
skins are afterwards dressed and blacked by the 
curriers, and are used for J;he upper leathers of 
shoes, boots, &c. 

The lighter sort of hides, called dressing hides^ 
as well as horse hides, are managed nearly in the 
same manner as skins; and are used for coach- 
work, harness work, &c. &c. 

As the method of tanning above described, and 
all others in general use, are extremely tedious and 
expensive in their operation, various schemes at 
different times have been suggested to shorten the 
process, and lessen the expense. 

Much light has been thrown by modern che- 
mists upon the theory of tanning, and considerable 
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improvements have been made in the practice of 
this art* M. Seguin, in France, has particularly 
distinguished himself by his researches on this sub- 
ject, and much improved the art in his counti'y* 

In 1795, Mn William Desmond obtained a patent 
for practising Seguin's method in England. He 
obtained the tanning principle^ by digesting oak 
bark, or other proper material in cold water^ in an 
apparatus nearly similar to that used in the salt- 
petre works : that is to say, the water which has 
remained upon the powdered bark for a certain 
time, in one vessel, is drawn off by a cocky and 
poured upon fresh tan: this is again to be drawn 
off, and poured upon other fresh tan ; and in this 
way the process is to be continued to the fifth 
vessel. The liquor is then highly coloured, and 
and marks from six to eight degrees upon the hy- 
drometer for salts. This he calls the tanning lix- 
ivium. 

The criterion for ascertaining its strength is the 
quantity of the solution of gelatine which a giten 
quantity of it will precipitate. Isinglass is used 
for this purpose, being entirely composed of ge- 
latine. And Here it may be observed^ that thifs is 
the mode of ascertaining the quantity of tanning 
principle in any vegetable substance, and, conse- 
quently, how far they may be used as a substitute 
for oak bark. 

The hides, after being prepared in the usual way, 
are immersed for some hours in a weak tanning lix- 
ivium of only one or two degrees ; to obtain which, 
the latter portions of the infusions are set apart, or 
else some of that which has been partly exhausted 
by use in tanning. The hides are then to be put 
into a stronger lixivium, where, in a few days, they 
will be brought to the same degree of saturation 
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with the liquor in which they are immersed. The 
st/ength of the liquor will by this means.be consi- 
llerably diminished, and must, therefore, be renew- 
ed. When the hides are by this means completely 
saturated, that is to say, perfectly tanned, they 
are to be removed, and slowly dried in the shade. 

It has been proposed to use the residuum of the 
tanning lixivium, or the exhausted ooze (which 
contains a portion of Gallic acid, this forming a 
constituent part of astringent vegetables), for the 
purpose of taking off the hair; but this liquor 
seems to contain no substances capable. of acting 
upon the epidermis, or of loosening the hair ; and 
when skin is taken off by being exposed to it, the 
effect must really be owing to incipient putre- 
* faction. 

The length of time necessary to tan leather 
completely, according to the old process, is cer- 
tainly a very great inconvenience j and there is no 
doubt but that it may be much shortened by fol- 
lowing the new method. It has been found, how- 
ever, that the leather so tanned has not been so 
durable as that which has been formed by a slower 
process. 

The public is much indebted to Sir Humphry 
I)avy, for the attention which he has paid to this 
subject, f^rom bis excellent paper " On the Con- 
stituent Parts of Astringent Vegetables,'* in the 
philosophical Transactions, we present the reader 
with the following extract 

" in considering the relation of the different 
facts that have been detailed, to the processes of 
tanning and of leather-making, it will appear suf- 
ficiently evident, that when skin is tanned in as- 
tringent infusions that contain, as well as tannin, 
extractive matters, portions of these matters enter. 
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with the tannin, into chemical combination with 
the skin. In no case is there any reason to believe 
that gallic acid is absorbed in this process ; and M. 
Seguin's ingenious theory of the agency of this 
substance, in producing the de-oxygenation of 
skin, seems supported by no proofs. Even in the 
formation of glue from skin, there is no evidence 
which ought to induce us to suppose that it loses a 
portion of oxygen ; and the effect appears to be 
owing merely to the separation of the gelatine, 
from the small quantity of albumen with which it 
was combined in the organized form, by the sol- 
vent powers of water. 

" The different qualities of leather made with 
the same kind of skin, seem to depend very much 
upon the different quantities of extractive matter it 
contains. The leather obtained by means of in- 
fusions of galls, is generally found harder, and more 
liable to crack, than the leather obtained from the 
infusion of barks ; and in all cases it contains a 
a much larger proportion of tannin, and a smaller 
proportion of extractive matter. 

" When skin is very slowly tanned in weak so- 
lutions of the barks, or of catechu, it combines with 
a considerable proportion of extractive matter ; and 
in these cases, though the increase of weight of the 
skin is comparatively small, yet it is rendered per- 
fectly insoluble in water, and is found soft, and iat 
the same tjme strong. The saturated astringent 
infusions of barks contain much less extractive 
matter, in proportion to their tannin, than the weak 
infusions; and when skin is quickly tanned in 
them, common experience shows that it produces 
leather less durable than the leather slowly formed. 

" Besides, in the case of quick tanning by means 
of infusions of barks, a quantity of vegetable ex- 
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tractive matter is lost to the manufacturer, which 
might have been made to enter into the composi- 
tion of his leather. These observations show, that 
there is some foundation for the vulgar opinion of 
workmen, concerning what is technically called 
the feeding of leather in the slow method of tan- 
ning ; and though the processes of the art may in 
some cases be protracted for an unnecessary length 
of time, yet, in general, they appear to have ar- 
rived, in consequence of repeated practical expe- 
riments, at a degree of perfection which cannot be 
very far extended by means of any elucidations of 
theory that have as yet been known." 

As a vast quantity of bark may easily be ob- 
tained in countries that are covered with natural 
forests, such as many parts of America, New Hol- 
land, &c. it has been suggested, as a method of 
lessening the expense of freight in bringing it over, 
to make an extract from the bark, which might be 
very easily transported, and which would serve the 
purpose of the tanner as well as the bark itself. 

It was first suspected by Sir Joseph Banks, and 
afterwards confirmed by the experiments of Sir 
Humphry Davy, that a substance called catechu, or 
terra Japonica, brought from the East Indies, con- 
tained a vast quantity of tannin ; so much so, that 
it far excels every other known substance in this 
respect. One pound of catechu contains as much 
tannin as eight or ten pounds of common oak bark, 
and would consequently tan proportionately as 
much more leather. It is an extract made from the 
wood of a species of mimosa, by decoction and sub- 
sequent evaporation. 

Oak bark being a very expensive article in the 
process of tanning, various substances have been 
proposed as substitutes for it. All the parts of ve- 

VOL. H. p 
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gcitabl^lcH^ are of an astringent nature, contain 
fanning which maybe known by their giving preci' 
piiates with gelatine, insoluble in water), and will 
answer this purpose* The leaves, branqhes^ fruit, 
flowers, of a vast number of plants i every part of the 
oak, as the kaves and acorns, oak saw-dust, and the 
barks of almost all trees, contsun more Or less tannin. 
Mr. Biggins made a great many experiments 
¥i|^on the quantity of tanning principle in various 
barks, from which he constructed the following 
table. 





Tanning priad]^ (in grains), 
from half a ^t of inftuion 


4 


and au ounce of solution of 


, 


^bie. 


M 


Barkofehn* - 




28 


oak, cut in winter, 




30 


horse-chesnut, 




SO 


beech. 




31 


willow (boughs) 




31 


elder. 




41 


plum-tree, 




58 


willow (trunk). 




52 


sycamore. 




53 


birch. 




54 


cherry-tree, 




59 


sallow. 




59 


mountain-ash. 




60 


poplar. 




76 


hazel. 




79 


ash, - 




82 


Spanish chesnut. 




98 


smooth oak, - 




104 


oak. Cut in spring. 




108 


Hijntingdon, or LeiCes- 




ter^hire willow, 


m 


109 


sumach. 


- 


158 


* 
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GUBRYINa 

The art o|* currying cqnsi^|s ip rendering ija^fciedi 
skins supple and of ujniform density, and iljipreg;- 
natingtheih with oil, so as to render them id a 
gfeat degreie inipervious to water. 

The stronger and thicker hides are usually em- 
ployed for making the soles of boots and shops, and 
these are rendered fit for their several purposes by 
the ishoemakers after they are tanned j but such 
skins as are intended for the upper leathers and 
qiiarter^ of shoes, fur the legs of boots, for coach 
and harness leather, saddles, and otlier things, tnUst 
be subjected to the process of currying. 

These skins after coming from the tanners, hav- 
iti^' many flpshy fibres on theiti, are well soaked in 
comnidn l^ater. They are then taken out sLtid 
stretched upon a very even wooden horse ; wtifere 
with a paring knife %U the 8aj)fer^uPtt$ flesh is 
scraped off, and they are again put into soak. After 
the soaking is cpmpleted the currier tkkeS tl^em 
again put 5f the water, and having sttetcHed ihkm 
out, pt^esSes therii \i^ith his feet, or a flat stqne fixed 
in a handle, i6 m^ke tneih mdte supple, and to pred^ 
out all the fllth that the leather illay hav0 acbfiif^S 
in tanning, and alsd the water it hai^ abSbrhe^ 111 



The skins are next to.bfe oikd, to redder thfem 
pliant and impervious to wet. After they ard naif 
dried, they are la^d upon tables, and first "the grain 
side 6f the leather is rubbed ove;- with a niiXitli^ 
erf* fish oil and talldw ; then the flesh side iS liri- 
pregnated with a large proportion of oil. Aftef 
having been hung up a Sufficient time to dry, thfeiy 
are taken down and rubbed, pressed, and folded itt 
varidtis directions, and theh spread oiit, when tney 
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are rolled with considerable pressure upon both 
sides with a fluted board fastened to the operator's 
hand by a strap ; by this means, and by repeating 
the rolling, a grain is given to the leather. 

After the skins are curried, it may be required 
to colour them. The colours usually given to 
them are black, white, red, green, yellow, &c. 

If the skins are to be blacked, the process varies 
according to the side of the skin to be coloured. 
Leather that is to be blacked on the flesh side, 
which is the case with most of the finer leather 
intended for shoes and boots, is coloured with a 
mixture of lamp black, oil, and tallow, rubbed into 
the leather. And what is to be coloured on the 
grain side is done over with chamber lye, and then 
with a solution of sulphate of iron, which turns it 
black. 

MANUFACTURE OF SODA. 

Sbda, or the mineral alcali, (described above, 
under Chemistry) is sometimes found in a native 
state, as in the lakes of Natron in Egypt, which are 
dry in the summer season j the water leaving after 
evaporation a bed of soda, or, as it is there called, 
natron^ of two feet in thickness. 

A marine plant, called the Salsola soda^ which 
grows among the cli£& on the sea coast, seems to be 
endowed by nature with the property of decom- 
posing the salt water, that is, of separating the 
muriatic acid from the soda, which latter it absorbs. 
This plant is collected by the Spaniards with great 
care, and burnt for the manufacture of barilla^ 
which is a carbonate of soda mixed with various 
impurities. 

Soda is also procured in a still more impure 
state, by the burning of the sea weeds on oiu: own 
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shores, particularly in Scotland, from which is pro- 
duced a substance called kelp. 

But the demand for a pure carbonate q£ soda 
having become very considerable of late years, from 
its great utility in many arts and processes, various 
means have been tried for procuring it by decom- 
posing the salts, in which it exists, combmed with 
acids. Muriate of soda has been decomposed for 
this purpose. The following method is described 
in Nicholson's Journal. 

Solutions of 500lbs. of sulphate of soda*, and 
560lbs. of American potash, are made to boil, and 
are then mixed. As soon as the mixture boils, it 
is conveyed into a cistern of wood, lined with lead, 
half an inch thick, which is fixed in a cool place. 
Sticks of wood are then placed across the cistern, 
from which slips o£ sheet lead, two or three inches 
wide, are hung into t|ie fluid, at four inches distance 
from each other. When all is cool, the fluid is let 
off, and the chrystallized salt is detached from the 
slips of lead, and the bottom of the trough. The 
salt is then washed, to free it from itnpurities, after 
which it is transferred again into the boiler, dis- 
solved in clear water, and evaporated by heat. As 
soon as a strong pellicle is formed, it is suffered to 
cool so far that the hand may be dipped into it 
without injury, and the heat is kept at that temper- 
ature as long as effectual pellicles continue to be 
formed over the whole surface of the boiler, and 
then fall to the bottom. When no more are formed, 
the fire is withdrawn, and the fluid ladled out into 
the cistern to crystallize. The sulphate of potash, 
&c. which had been deposited, is then taken out of 

* Sulphate of soda is sold cheap by the bleachers, who save 
it as the residue in decomposing common salt by sulphuric acid 
with manganese, 
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m i)6ilif, kM 'p\ii ssta^. Bjr this pBeess fip^ i^lj 

tq ISQlbs. of soda may be obtained from i0Dlbi. oT 
stilpWe 6f §bc(a.' 

MANUFACTURE OF POTASH. 

PdtSSH, oi \h6 M&A viegetebte k\c&\ii exists *j att 
kj^edteiit, iii vfery sttlall qtij^ntii^^, in maiiy tttihfe- 
rals. It is also obtained frotti th6 tdk^r; &r frbftf 
feeiof tPiflfe, tfa Wbicb it is called sali offMbr: 

But the grefet supply df thiq subStJtilctJ is {Jrdcbrbd 
f^oiti tUe ashe^ of bUrdt vegetables. 

iBftia»y dlstrifetsofEtigWftd and Ir^SflH ffi^ 
bttoi tH& coitiflidn ftfh to ai^eS, H'hifch thlfy tfionld 
up i^Hh a littte wfttfer, into^ balls of dbbUt thr^ or 
fedf ineb«g in didttteter y tb«>§e ate ^tiH^d ii^ WMsi 
aod<4f^ th« tadest pr4eparaMofl 6f thru aleali; 

Th^ potagli of teinmercei br mck ^mshi il 
at^stfi prbedfed ftrni ibe iftsiibdsttljfl ctf ^dbd- atid 
odii, thdhftSf^, oiily bewa^liithoSe" (ioaiitti^wh6rfe 
MObd i»t&ty plentiful^ as Pblatidi Uimi&i Md Gter^ 
many; This country is diiefly StippMfed frdta J4W»: 
fifea. The a^es &f burfit M'bdd ar# j^iit ifttb i. 
Cistern With watdrj mi. a strbh^ lixi^idto ii iriade; 
Aftef St tiine, th# ^ater^ bblditt^ the klfcali ift toUi- 
tio^j is drawft off, leaving the imp«riti6& behhidi 

Poit«sh is eonvelted into a pufer state by cfilcinirig 
it in a rfeveirbemtory futnaee* It beconies thefi di-^, 
jiorousi considerably cansticy exti-ertiely idfeUqafes- 
cfettt, and of a beautifol bluish tolbtiii frbrti .If hifeh 
it is eall^d pearl ash: 

All these are canrbonatfeS of potash. 

To obtain potash in a state of perfect pupty, or 
Jjfiicaicjibdiied ^ItK cal-bohia afeia, th^ dai^B'pnpte. must 
ht boiled witli twice lits height of quiekiiiiie to de- 
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piive It of the carbonic aciiJ} then to fi*e it fitwfi 
dlfier impurities, it hiiist be dissolved in spirits of 
wine, (isdiich dissolved alcalis and no other Salt) ^d 
thfe solution evaporated to dryness^ It h then JMrife 
and powerfully caustic: 



REFINING METALS. 

The term refining signifies the |)urtflcati<:)ti 6t 
some substance: biit we nieah to cotifln^ it kt pffe- 
sehi ib tlie separation of go|d, silver, ahd Copp6r 
from each other, and obtaining each of thetn in k- 
pure state. 

VupelSziim. 

Gold and iilver being the only metals biapable of 
Wilhstahdihg the action of vfery strbtlg hfeatj aref 
thfei-efote called ^erjlitt metali. AH othfei- m€lt4fe 
^ I^d6c6d to thte ^tat^ of orides when e:tp6de3 t6 
i i^oletit-flffe with access df iair. Gold atid iO^t 
mdy, therfefbrei be purified frdin ail th6 basit bi^lS 
by keeping them fiiiSed tUl th6 alloy be destrc^efl i 
but this procei^s Would be veiy ^xpensivfe^ ftttth Ihe 
great cririSumptlott of fuel, and woilld b6 exceed- 
ingly tfedioiis. A shortfer and mor6 advantageous 
m^hod of performing this opfetatiori has befett dls-^ 
cbvered. 

A certain quantity of Ifead is added t6 th* altoy 
of gold and silver, and the whole ii expdsecl to th6 
action of the fire. 

Lead is One of the metals which is most qtlickly 
converted by heat into an oxide, Which is ea^Iy 
melted into a semi-vitrified, and powerful vitrifying 
matter, called litharge. By increasing the proportion 
of imperfect metals, it prevents themfrOtn being sd 
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well covered and protected by the perfect metals; 
and by uniting with these imperfect metals, it com- 
municates to them its property of being very easily 
oxidated. By its vitrifying and fusing property, 
which it exercises with all its force upon the cal- 
cined and naturally refractory parts of the other 
metals, it facilitates and accelerates the fusion, sco- 
rification, and separation of these metals. The lead, 
which in this operation is scorified, and scorifies 
along with it the imperfect metals, separates from 
the metallic mass with which it is then incapable of 
remaining united. It floats upon the surface of the 
melted mass, and becomes semi-vitrified. But the 
litharge so produced would soon cover the melted 
metal, and by preventing the access of air would 
prevent the oxidation of the remaining imperfect 
metals. To remedy this, such vessels are employed 
as are capable of imbibing and absorbing in^their 
pores, the melted litharge, and thus remove it out 
of the way; or, for large quantities, vessels are so 
constructed, that the fused litharge, besides being 
soaked in, may also drain ofi; through a channel 
made in the corner of the vessel. 

Experience has shown that for this purpose, ves- 
sels made of lixiviated wood or bone-ashes are most 
proper. These vessels are called cupels^ and this 
process is called cupellation. The cupels are flat 
and shallow. The furnace ought to be vaulted, 
that the heat may be reverberated upon the sur- 
face of the metal during the whole time of the 
operation. Upon this surface a crust or dark 
coloured pellicle is continually forming. In the 
instant when all the imperfect metal is destroyed, 
and, consequently, the sconfication ceases, the sur- 
face of the perfect metal is seen, and appears clean 
and brilliant, This forms a kind of fulguration, or 
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corruscation^ called lightning. By tbis mark the 
metal is known to be refined. 

Purification of gold by antimony. 

When gold contains only a small quantity of alloy^ 
it may be separated from them by melting it in a 
crucible that wiU hold twice its quantity at least, and 
throwing upon it, whilst in fusion, twice its weight 
of crade antimony (sulphuret of antimony). The 
crucible is then to be covered, and the whole is to 
be kept in a melting state for some minutes ; and 
when „the surface sparkles, it is quickly to be 
poured into an inverted cone, which has been pre- 
viously heated and greased. By striking the cone 
on the ground, the metal will come out when cold« 
The compact mass consists of two substances ; the 
upper part is the sulphur of the crude ^timony, 
united with the impure alloy ; and the lower part 
is the gold, united to some of the regulus of anti- 
mony, proportionable to the quantities of metals 
which have been separated from the gold, which 
are now united with the sulphur of the antimony. 
This regulus of gold may be separated from the 
regulus of antimony by simple exposure to less 
heat than will melt the gold, because antimony is 
volatile in such a heat, and is then dissipated. If 
.the gold is not sufficientiy purified by this first pro- 
cess (which is oflen the case,) it must be repeated 
a second, and even a third time. When a part is 
dissipated, more heat is required to keep the gold 
in fusion ; therefore, the fire must be increased to- 
wards the end of the operation. The purification 
is completed by means of a little nitre thrown into 
the crucible, which effectually calcines the remain- 
ing regulus of antimony. Siometimes, afler these 
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operatidfis, the gold rs found to be! deprived of mticli 
of its usual ductility ; this however is easily re- 
stored to it, by fusing it with nitre and borax. 
The first part of this^ process is founded on a pro- 
perty of sulphur, by which it is incapable of 
unitiiig with gold; ahd is strongly disposed to unite 
with all othet metallic i^ubstances, excepting |)la- 
tiiid arid zinc j and aUb upon thie prbpierty of sul- 
jiHUt, that it has Ibss affinity with reguliis of ariti- 
riiony than with any ihetallic siibstance with #hlcH 
it ckn liriite. Hence, when gbldj alloyed with 
sJHirer, cbpper, iron, lead, &c. is fused togethef i^th 
siiipHhret of antimony,' these litter inetals unite 
tWlfi the siilplhur of the ^htimbny, while the ri^u- 
liM pdrt, Vdis'etig^a^ed from them by itis sulphur, 
unites v^ith ih'e ^o\d: 

The tStilphur of the antinionjTj though it uilites 
Wifch the b3Lset metals, does not destrbj^ theni, but 
^hris ^ith them a scoria, from whiieh tHey may M 
s&p^ribeA by treattherit as ah bre. 

Parting. ^ 

Whfett the quantity of silver united to the gold 
is tjonsidfefftblo^ they ttlAy be separated by other 
pr6bed&es. Nitric acid, muriatic acid, and sulj)hur, 
Which catiftot dissdl^fe gold, attack silver tery 
easily 5 and, therteforiej thesfe three agents furnish, 
methods of separating Silver from gold, which 
operai^oti is called farting. 

Parting by nitric acid is the most convenient^ 
and, therefore, most used ; and is eVeri almo^ th« 
only one employed by goldsmiths and fcoiners. 
Wherefore it is called simply, parting. That made 
with muriatic add is only mad^ by qemetttatron) 
and is known by the name of concentrated pa^tkig^ 
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LafJllyi parting by sulphur is! iriade hf fusion, atld 
i^, therefore, called dry parting. 

Parting ff old Ji^dm siker hy nitric acid Or d^ud 
Jdrtisi—Althoxigh parting by hitric add be ea^y, it 
caniiot silccyfed, or be very e:kact, iihl^sk we attend 
to sbihe fes^fehtikl cirfcumstances. The gold and 
SlVfer hiiist b6 iii ^ pi:6fper prbporfabn * fof if the 
|6ld be iH ttfo jgi^i A c[(iahlity, the feilVfer t^buld b^ 
cbVei^'d aiid guitiied by it frbm tHe ^fctiori of ttife 
actd; theretoi-fe; wheii assayers do tibt ktio\^ tH^ pi'6- 
Ixittidh of gbld to silver in the thAsi; thfey rilb thfe 
AdeJ* t^8rt a toitcft-mn^ (wHicH is u'sudlly C'ombbfeed 
6f Hack basalt; tiibiigH bladk ^ottevj will ^o 
^yf ^%\ii) sb y to leivfe k m&tfc tl^ibri it* thfe*^- 
Hidtt WiAkfe siihiiar iiiarks With ih^ p^odfiiefei^^, 
(Mibh ki^ tteedlei cbiripdi§ed of gold and 'iiWbc 
ailbyM tb^fethet iii ^diiated prot)brtlbtis;) and by 
cBiiip^iirig the cbloiir bf thfe sevi^ral m^M; they 
aiiebvet tile |tfbbable Sbalg of idrilixtuf 6; 

If thfe tHkl ihb>^s that Ih atiy ^IVen mM thfe 
^ilVfer i^ iiot tb the gdld aii thtfee to one; thi^ ihaSs 
is iftiptbper for thfe ojifetation bf ^ktting fey aqua 
fortis'. In this cd^bj the qiVdhtitjr bf silver iifefceS- 
sary to make any alloy of that propoftloii-iiiu^t be 
kddfed; This biierdtibrt is called! qiitiMttd^, be- , 
te&ii^e It i^dilfces the gbld tB a fourth bf th^ whole 
nlksii. No ibbonVenieiicfe arises fVbrii tbb gredt 
^iikhtity bf silver, eicept a Wak'te of adua fortl§. 
The filtric acid; br aqua -fdrtiS teitiiilby'ed; huist be 
tery pure, arid especially freb froni mixture bf Sul- 
phuric and muriatic afcids. Its piirity miikj thfelie- 
forfeiiie ki^cettained; dnd if this bfe foutidnot suffi- 
ci^ttt, the acid must be purified by iiitrate bf silver. 

If the fiiirity of the nitric acid were not attended 
\I6^ k quantity bf silver proportibriable tb these two 
Ibi^igh acldS; woiild be sepai-ated during the sblu- 
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tion ; and this portion of silver converted by these 
acids to sulphate of silver, and to muriate of silver, 
would remain mingled with the gold. 

When the metallic mass is properly alloyed, it is 
to be reduced to plates rolled up spirally, caDed 
cometSf or to grains. These are to be put into a 
matrass, and upon them a quantity of aqua fortis is 
to be poured, the weight of which i& to that of the 
silver as three to two ; and as the nitric acid em- 
ployed for this operation is rather weak, the solu- 
tion is assisted, especially at first, by the heat of a 
sand-bath, in which the matrass is to be placed. 
When, notwithstanding the heat, no further mark 
of solution appears, the aqua fortis charged with 
silver is to be decanted. Fresh nitric acid is to be 
poured into the matrass, stronger than the former, 
and in less quantity, which must be boiled in the 
remaining mass, and decanted as the former. 
Aqua fortis must even be boiled a third time on the 
r^naining gold, that all the silver be certainly dis- 
solved. The gold is then to be washed with boil- 
ing water. This gold is very pure, if the operation 
has been performed with due attention. It is called 
gold of parting. 

The silver dissolved in the aqua fortis may be 
separated either by distillation — -in which case all 
the aqua fortis is recovered very pure, and fit for 
another parting— ^or it may be precipitated by some 
substance which has a greater affinity than this 
metal with nitric acid. Copper is generally em- 
ployed for this purpose in the mint. 

The solution of silver is put into copper vessels. 
The aqua fortis dissolves the copper, and the silver 
precipitates. When the silver is all precipitated, 
the new solution is decanted, which is then a solu- 
tion pf copper. The precipitate is to be well 
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washed, and may be melted into an ingot. It is 
called parted silver. When this silver has been ob- 
tained from a mass which had been refined by lead, 
and when it has been well washed from the solution 
of copper, it is very pure. Or the silver may be 
separated from the nitric acid by adding to it mu- 
riatic acid, with which it forms muriate of silver. 
Muriate of silver may be decomposed by mixing it 
with soda, and exposing it to a suflBcient heat in a 
crucible, whereby the soda unites to the muriatic 
acid, and sets the silver free. 

The refiners frequently employ this solution of 
copper obtained in the process of parting, for 
making verditer; which is prepared by adding 
quick lime to the solution ; a precipitate takes 
place, which is the blue pigment known by the 
name of verditer. 

Parting gold from silver by cementation. — This 
is also called parting by concentration, and ia 
usually employed when the quantity of gold is so 
great to that of the silver, as to render it a difficult 
task by aqua fortis. The mixed metal to be 
cemented is to be reduced to plates, as thin as 
small pieces of money. At the bottom of the cru- 
cible, or melting-pot, is to be laid a stratum of 
cement, composed of four parts of bricks powdered 
and sifled, one part pf green copperas (sulphate of 
iron) calcined to redness, and one part of common 
salt, about the thickness of a finger in depth. Upon 
this stratum a layer of plates of the metal is to be 
placed, and then another stratum of cement, and 
so on till the crucible is filled.. It is now to be 
placed in a furnace, or oven (after a top has been 
luted on the crucible,) and exposed for twenty- 
four hours, till it is gradually made red hot, but 
by no means to be melted. The fire is now left to 
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go out, an4 the njetal is permitted to cqqI, tbs^t jt 
iP3,y \>^ sep^fr^ted from the cementi and boiled re- 
peatedly in large quantities of purp watpr. This 
gold is afterwards to be tried o|i a touch-stone ; 
and if it is not sujficiently purifie4 thp process 
must be performed a secojid tiii^p. By the above 
method, we see how powerfully silver is dissolved 
by muriatic acid, when it is in a state of subtile va- 
pour which is disengaged from the common salt 
<rf the cement. Instead of common salt, nitrp may 
be used, as the nitrous acid readily dissolves silver ; 
but the mixture of common salt and nitre together 
is highly injudicious, because tne joint aci^s are 
able to dissolve some of the gold with the silver. 
Whatever silver has been separated, will pow re- 
main in the cement ; but it may be jfreed from this 
by lead, in the method described in ciipellf^tion. 

Parting gold from silver in the dry ^ay. r-This is 
also called parting by fusion^ and is perfonned by 
means of sulphur, which has the property of uniting 
easily with silver, while it does not attack gold. 
This dry parting is troublesome, and even expen- 
sive, and ought not to be undertaken tmt when the 
silver far exceeds the gold, because sulphur will 
not separate it so easily as aqua fortis, and will 
therefore require a further application to cupell- 
ation and solution. 



Refining Silver by Nitre. 

The principle upon which this operation is 
founded, consists in the property of ^litre to oxy- 
date very powerfully all base metals ; whereas, on 
the contrary, the noble metals are not at all aflfected 
by it. For as the metallic oxides and glasses dp 
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not remain united witli reguline metals^ anc) as 
these latter sink to the bottom when in fusion, on 
account of their greater specific gravity, they may 
be easily parted from the scoriae. 

The silver to be purified by nitre is to be first 
granulated, and then mixed with a fourth part of its 
weight of dry nitre, an eighth part of potash, and 
a little common glass, all in powder. This mixture 
is to be put into a good crucible, two-thirds of 
wWch only must be full. This crucible is to be 
covered with a smaller crucible inverted, in the 
bottom of which a small hole has been made, apd 
luted to the fcwrmer. The crucibles, thus disposec}, 
are to be placed in a furnace capable of drawing 
air sufficiently to make the fire intense enough only 
to melt the silver. Then charcoal is to be put into 
the furnace to such a height, that only the top of 
the inverted crucible shall be uncovered. The coal 
is then to be kindled, and the vessels to be made' 
moderately red ; a hot coal ought to be put upon 
the small hole in the bottom of the inverted cruci- 
ble. If a shining light be observed round this 
coal, and a slight hissing noise at the same time 
heard, we may know that the operation proceeds 
well. The fire must be sustained at the saipe 
degree till these appearances cease, when it must 
be increased, so that the silver be well melted, and 
then the crucibles are to be taken out of the fur- 
nace. The larger crucible is to be broken when it 
is cold, and the silver will be found at the bottom 
covered with green alcaline scoriae. If the metal 
' be not sufficiently ductile, the operation must be 
again repeated. 

Some silver is apt to be lost in this operation, by 
the swelling and detonation of the nitre, which 
often forces it through the hole in the upper cru- 
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cible, unless gieat care be used ; nevertheless, this 
method has its advantages, being much more expe- 
ditious than cupellation. 



Separating Silver from Copper hy Miqication. 

When it is desired to separate, in the large veay, 
a small quantity of silver from much copper with 
which it is alloyed, the process called eUquation is 
resorted to. This operation is grounded on the 
nearer affinity of silver with lead than with copper ; 
in consequence of which it fuses, and combines with 
lead at a degree of heat in which copper continues 
unfused. 

Whitening Silver by Boiling. 

Whitening of silver by boiling is one of the me- 
thods of parting copper from silver in the humid 
way. For this purpose, silver wrought in any 
shape is first ignited to redness, and afterwards 
boiled in a ley of muriate of soda, and acidulous 
tartrite of potash. By so doing, the copper is re- 
moved from the surface, and the silver receives a 
better appearance. 



Precipitating Silver by Copper. 

Copper has a much greater affinity with oxygen 
than silver ; consequently, the silver is precipitated 
from its solutions as a fine silver dusty by metallic 
coppen This likewise affords a means to discover 
wh^t portion of silver may be contained in an alloy 
of silver and copper. A quantity of the mixture 
determined by weight is dissolved in nitric acid j 
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the solution is diluted with water, filtered, and a 
plate of copper hung in it, till no more precipitate 
falls down. Then the weight of the precipitate, 
when edulcorated, is compared with that of the 
whole alloyed metal put to triaL 

This silver dust well washed, and mixed with 
gum water, serves as a pigment in water painting. 

Separating Silver ^om Copper by an Akaline 
Sidphuret. 

The aflSnity of copper with sulphur is stronger 
than that of silver. Upon this ground, liver of 
sulphur (sulphuret of potash) has been proposed as 
an expedient to free silver from copper ; for if 
silver holding copper be fused with alcaline sul- 
phuret, the base metal combines with the latter, 
and is converted into scoriae floating on the silver. 

Mr. Keir^s Mode of separating Silver Jrom Copper. 

Chemists have long been acquainted with the 
compound acid, called aqua regia (nitro-muriatic 
acid), which has the exclusive property of dissolv- 
ing gold. The discovery of a compound acid, act- 
ing exclusively upon silver, is owing to Mr. Keir. 

This compound acid is made by dissolving one 
pound of nitrate of potash (common nitre or salt- 
petre), in eight or ten poundi of sulphuric acid (oil 
of vitriol), or by mixing together sulphuric and 
nitric acids. This acid dissolves sUver easily, 
while it will not attack copper, iron, lead, gold, or 
platina. 

These properties have rendered it capable of a 
very useful application in the arts. Among the 
manufactures at Birmingham, that of making ves- 
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se(§ pf silvcif, plated ou copper, is a very pousider- 
^hie pne. On cutting out the rolled plated metal 
jnto pieces of the required form and sizes^ there 
^re W^any shreds, or scraps, as they are palled, i^nfit 
for any purpose, but the recovery of the metals, by 
separatii^g them from each other. The easiest and 
ji^qst ecpnofnical method of parting th^se two me- 
tals, so as not to lose either of them, is an object 
of some consequence to the manufacturers. For 
this purpose, two modes were practised; one, by 
melting the whole of the mixed metals with lead, 
and separating them by eliquation and testing ; and 
the second, by dissolving both metals in sulphuric 
acid, with the help of heat, and by separating the 
sulphate of copper^ by dissolving it in water, from 
^he sulphate of silver, which is afterwards to be 
reduced ai^d purified. 

' In the first of these methods, there is a cqnsi- 
derable waste of lead and copper j and in the se- 
cond, the quantity of sulphuric acid eniployed is 
•very great, as much more is -dissipated in the form 
of sulphureous acid than remains in the composi- 
tion of the two sulphates. 

Soipe years ago, Mr. Keir communicated to an 
'^rtist the method of effecting the separating of 
'silver and copper, by means of the above-mentioned 
compound of sulphuric acid and nitre. It is now 
commonly practised by the manufacturers at Bir- 
mingham, and is much more economical, and much 
easier executed, that any of the above-mentioned 
methods ; for nothing niore is necessary than to 
put the pieces of plated metal into aglazed earthen 
pan, to pour upon them some of the acid liquor, to 
stir them about, that the surfaces may be frequently 
exposed to fresh liquor, and to assist the action by 
a gentle heat, from 100® to 200® Fal^r. 
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When the liquor is nearly saturated, the silver is 
to be precipitated from it by common salt, which 
formsf muRStfi Pf §ilY^j ftJT luns^ cpfn?a, piasi^y re- 
ducible $p * pi^etalUc st^t8> l>7 l^?Wp$ ifl % fip}- 
cible, with a $u£^ien1; gqaqtity of Qot^h ; ^qjI 
lastly, by refining the melted silver, if necessary, 
with ^ 1^1^ nitre thrown upon it* . Iq this manner^ 
the silver will be obtainefl sufficiently pure, and 
the copper will re^iain unchanged. Otherwise, 
the silver may be precipitated in it^ metallic state, 
by adding to the sq]ution of silver a fe^ of the 
pieces of copper, and a sufficient quantity of ^ater 
to enable theliquor to act upon tKe coppen 



Me^oji ofohtain^m Gold in a ^ur^ Sta^. 

Perfectly pure gold may be obtainq^^ by §|5- 

acid, and precipitating the metal, by f^ddii|ig.a 
weak solution of sulphate of iron. The Drecinitate, 
after bemg well wjjshed and dppq^ ^s g^r^ gqj^. 



Method of obtaining Silver in a pure State. 

Dissolve the silver of commerce in nitric acid, 
^d a4^ Ip it 3ome f]1uri^tic fci^ j ^ w^tp curdy 
preciffit^l^ will ^p formed, w|][ich is njuriatp of 
^iy^r. Tcj fP^uce fp}J4st^^ fif ^M^?F \^ ^ W^'V^ 
^tat^, let onq part o^ \\ bp ipipd W^]^ ifo^P 9^ 
sod% ^Pjd e:^Qspd to a white he§|j ^^fiff ^ 
ini^t^ure is wpU fpsed, sufl^r it iq pqc^ | t^^n |)peajc 
^p crijcij)le/gTjd septate t\f pjj^p folv^r :^ojij tj|p 
muris|^ of sf^d^. wbjdj Ws ||een §3ffgp^ 
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Method of obtaining pure Copper. 

Let the copper of commerce be dissolved in mu- 
riatic acid, and precipitate it by a polished plate of 
iron ; the precipitate is pure copper. 

Of making BrasSy and other AUoys of Copper. 

Brass is made by fusing together lapis calarai- 
naris (which is an ore of zinc) and copper. 

Tombac is formed by melting together twelve 
parts of copper with three of zinc. 

Gun meUd consists of nine parts of copper and 
one of tin. 

Bell metal is copper alloyed with one sixth of tin.^ 
A smaller proportion of tin is used in making 
church bells than clock bells, and a little zinc is 
added for the bells of repeating-watches, and other 
small bells. 

Cock metal is made with copper alloyed with zinc 
and lead. 

The gold coins of this country are composed of 
eleven parts of gold and one of copper. 

Standarji silver contains fifteen parts of silver 
and one of copper. 

POTTERY. 

Pottery, or the art of making vessels of baked 
earth, is of the remotest antiquity. The ancient 
Greeks and Etruscans parl;icularly excelled in it. 
Porcelain, the most perfect of species of pottery, 
has been made in China from time immemorial. 

Alumine and silex are the two substances of which 
every kind of earthen-ware is made. Clay alone 
shrinks and cracks; the flint gives it solidity and 
strength. 
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Common Pottery, such as coarse brown jugs, 
&c. are made of the ordinary clays, which are a 
mixture of sand and clay, coloured by oxide of, 
iron. The clay is well ground, or kneaded, and a 
lump of it is put upon the centre of a wheel which 
is kept in motion j then, by means of the work- 
man's hand, or by proper tools, it is formed into^ 
the required shape. The pieces are then dried 
moderately, so as to bear being removed without 
danger ; they are then covered with a glaze, made 
from semi-vitreous oxide of lead, and put into a 
furnace, where they are baked. Some sorts are 
glazed'by throwing sea-salt into the furnace among ^ 
the different pieces of pottery. The salt is de- 
composed, and the vapours of it form a glazing 
upon the vessels ; but this, though a very simple 
and ingenious method, does not form a good 
glazing. 

English stone-ware is made of tobacco pipe clay, 
mixed with flints calcined and ground. This ma- 
nufacture owes its present state of perfection to 
that enlightened manufacturer the late Mr. Wedge- 
wood, who spared no pains or expense to improve 
the art of pottery. He first introduced a superior 
kind of which he called Queen's ware. The clay 
of which it is made comes chiefly from the neigh- 
bourhood of Corfe Castle in Dorsetshire. It 
bums extremely white. The pipe clay is much 
beat in water; by this process the finer parts 
remain suspended in the water, while the coarser, 
sand, and other impurities, fall to the bottom. 
The thick liquid, consisting of water and the finer 
parts of the clay, is further purified by passing it 
through hair and lawn sieves, of different degrees 
of fineness. Afler this, the liquid is mixed (in 
various proportions for various wares) with another 
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li^Uai' 6( ttlfe sSttie deil^tyi md coM&iing of flints 
caltified, ^i-butld, ^tid suspfended in ^teu Thi 
iSixturti is theh dtied in a kiln j dnd being after- 
wiard^ bedtett to a proper tenijier, it beconids fit for 
bitti^ forWed at the wheel into dishes plates; 
bd\{^ls; &u: Whetl this Ware is to be pat into the 
fflfflWfe to be baked, the several jliecei of it are 
piaii'eci in fcdses tn^de Of cldy, called seggars; which 
al'S piled otie tipon^aholher in the domfe of the 
fdi-tfifce; a fire i^ tlien lighted; and the ware ii 
btoUght t5 a proper temper foi^ glazing; and in this 
state it is (iUUed biscuit. Before the glizing takes 
plicife it is coloared Or painted. Formetlj- thb 
paintiiig w5as dBne by the t)encil by hand. It is 
nUW <i'(5ftirtioiSly eflfedted by takeii impressions on 
pl^ift frbltii ehgbved copjier plajeb; and trknsfer- 
rltlg Ihdta td the eartheriware ^hile the ink is wfet. 
The ink is instantly absorbed by the biscuit; an4 
the ^iJSet- i§ MShed off. The ink for the bhie ahd 
white ^Sre ife ttiade frbtri OXlde of cbbiJi It is 
thfen digpfed ihtb a glAlze] tttade by mixing together 
in WHlfet-, till it bfefcbmes as thick as creaih; one 
hundred Srid twelve parts of White-i^ad; twenty- 
fbtir parts ofgrobhd Hiiit; Und six parts of ground 
flint-gldks. The wSire, b;^ beiiig baked; abqilires a 
strong property of iiiibibing moisture; ^rid when 
dljiped into the §laze, therefore, itgrteeUily attracts 
it into its pores, and presently becoihes dry. It is 
then exposed a second t^me to the fire, by which 
means the glaze it has imbibed is melted; and a 
thin ^lass^ coat is formed upon its sUrface. The 
colour of the coat Is more or less yellow; according 
ai a greater or less proportion of lead has been 
ufeed. The lead is J)rincipally instrumental in pro^ 
dating the glaze, as well as iii givihg it the yellb^ 
ct^\<Mi'\ for lead^ of all th^ substances hitherto 
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kiiowri; has the greatest pdwbt of prblflbMrig die 
vitrification of the substances with ^lilbh II ill 
riiixed. The flilit serves to give a cbiisiistehfe;^ td 
the lead during the time of its vitrificati'dri; aiid td 
hihder it frohi becoming too fliiid, arid rtiiihihg 
dowh thb sides of the ware, and thbrfeb^ le^Viiig 
them unglazed. 

This glaizing, niade by means of lead, is lialble io 
be attackted by acids, and is supposed to bef ptb- 
drictiVe of deleterious efffects, ^hbn employed in 
j^rs used fdi- jiickling, &c. 

The fdllo^lng cbrlipbsition has beefa recbirii 
mended as a substitute: 

To make this, white glass dhd sod^i ^^ eqti^l 
portions, mtist be veiy finely pulverized, tdrefully 
sifted, and well mixed. The mixture is theii ex^ 
ij^HkeA tb a strdiig heat, till it is rendereil very dryl 
It is afterwards put into Vessels \^hich have bfefeii 
alr^a;dy Hiked; it is then melted, arid the i^arnish 
is iiiadb. It tndy be applied in the sdtrie itiannel* 
as thdt in coinmoh Use. 

The advdntkge bf it is, thdt it is safe; and cart 
have none of those poisonous effectiS which krise 
fi-btii the decom jiosition of the liead i^ariiish. 

A variety of ware has been of late mdniifactured 
which the potters call Itistre. The glazing is 
fortned with platina, or gold. For the first, the 
platitia is dissolved in the nitro-muriatic acid with 
heat: by ddding muriate of ammonia, a yellow 
^recipitd-te falls down : wash and dry it, grind this 
powder with a small pbrtion of etiamel, in bil bf 
turpentine, and spread it thinly over the glared 
Surface bf the earthen-ware. The ware ii fab^ 
baked in a kiln with a red heat, and the pliilitia 
will assume the metallic brilliancy. 

The gold is managed in the sjjme Way. 
q 4 
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33^ POTTEBY. 

The black ware owes its colour to the oxides of 
of iron and manganese. It has also less flint, and 
is more burned j its compactness renders glazing 
unnecessary. 

Porcelain^ called also Chinas from being first 
brought from China, is the most beautiful and per- 
fect species of earthen-ware. 

Genuine or true porcelain, is a semi-vitrified, 
earthen-wai'e, intermediate between common ware 
and glass. It is infusible in the strongest fire ex- 
cited in furnaces ; it is hard, but not sp brittle as 
glass : it is proof against sudden changes of heat 
and cold : it is fine grained, and dense without 
gloss in the fracture, and is translucent. The 
Chinese long excelled in the art of making porce- 
lain, but it is now made in various parts of Europe 
of an equally good quality and more ornamental. 
The Chinese porcelain is said to be composed of 
two ingredients, one of which is a hard stone called 
petuntse, which is carefully ground to a very fine 
powder ; and the other, called kaolin^ is a white 
earthy substance which is intimately mixed with 
the ground stone. 

Several compositions of mingled earths may 
yield a true porcelain, by being burnt; and the 
porcelain of various countries differ in their mix- 
tures. But the principal basis of any true porce- 
lain is that kind of clay which becomes white by 
baking, and which, either by intermingled hetero- 
geneous earth, or by particular additions undergoes 
in the fire an incipient vitrification, in which the 
true nature' of porcelain consists. Feldspar and 
gypsum, if added, may give that property to in- 
fusible clay. 

When porcelain is to be made, the clay is pro- 
perly seUpt^d, carefully washed from impurities, 
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POTTERY, «3S 

and again dried. It is then finely sifted, and most 
accurately mingled with quartz, ground very fine; 
to which, then, is added some burnt and finely 
pulverized gypsum. This mass is worked with 
water to a paste, and duly kneaded; it is usually 
suflPered to lie in this state for years. The vessels 
and other goods formed of this mass, are first 
moderately burnt in earthen pots, to receive a cer- 
tain degree of compactness, and to be ready for 
glazing. The glazing consists of an easily melted 
mixture of some species of earths, as the petrosilex 
or chert, fragments of porcelain and gypsum, 
which, when fuse<d together, produce a crystalline, 
or vitreous mass, that, after cooling, is very finely 
ground, and suspended in a sufficient quantity of 
wat6r. Into this fluid the rough ware is dipped, 
by which the glazing matter is deposited uniformly 
on every part of its surface. After drying, each 
article is thoroughly baked or burned in the violent 
heat of the porcelain furnace. It is usual to deco- 
rate porcelain by paintings, for which purpose, 
enamels or pastes, coloured by metallic oxydes, 
are used, so easy of fusion as to run in a heat less 
intense than that in which the glazing of the ware 
melts. 

DelfUware, so called because first made at Delft 
in Holland, is a kind of pottery made of sand and 
clay, and but slightly baked, so that it resists sud- 
den application of heat. Articles made of this ai'e 
glazed with an enamel, composed of common salt, 
sand ground fine, oxyde of lead, and oxyde of tin. 
The use of the latter is to give opacity to the 
glaze. 

Tobacco-pipes require a very fine tenacibus, and 
refractory clay, which is either naturally of a per- 
fectly white colour, or, if it have somewhat of a grey 
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^ pbtTfeftY; 

cast A^dll rife<:bssariljr bui-n white. A dd^ of thi§ 
kitld tiiiist cbtltain ho calcarebUs or feirruginous 
e&fth, aiid mtiSt klso be car iefully dejiirlved of ailjr 
isaiia it itidy^ cbnt&iti; by washitig. It otight to 
pOssessi besides; the capital property of shriiiking 
bht little in the fite. tf it Should riot prove siiiaS- 
ciferitly ductile, it mdy be iheliotjated bt the ad- 
mi^ttUfe bf atiother Sort: Lkst of all, it Is beaten, 
knfeadfed, gtbund,^ washed, arid sifted; till it 
diJijaii-es the riequisite degriete bf fineness lind 
dQCtilit5^ 

When, ifter this preparatibhj the clay has ob- 
tained a diie degree of ductility, it is rbllfed oiit in 
sthali pbrlioiis to the tistial leiigth of a Jiipe, jiet-- 
fbi-ated \Hth a wii-fei knd put together with the 
wirfe, into a brass mbillsd riibbed over with oil^ to 
^ve it its external fbriii j after ii/^hich it is ifiied 
ihtb a ^ifce, knd thfe hollow part of the head formfed 
Mih k sloppei-. The pii^e^, tlias brought ititd 
fbhn, aire clieak-ed (if the rfedundSnt clay that adhei-e^ 
t6 thC' Sfeathis, ^ riiti br bbrder is haade i'bund the 
hfesld; the;^ are then iiiarkfed with ail ii'bn statrip 
ilpbn the hieel, and the feUtfdces sihbbthfed and 
pblishfed. When they are \<rell dried, they iie piit 
into boxes and baked in a furnace. 

lii thfe Dutch manufttctbHes; these boxes cbhsist 
bf doilicai pots ttiade of cl^y, with cbiiical lids, ^ith 
a tube |)assin^ thrbugh the middle bf therti, bywhich 
the jiijies kre su|)pbrte(i ♦, or fels6, they ate Ibtig clajr 
biiites, itl A^hifch thfe pipes iare Idid horizorltally, and 
stiiatified with fragments of pipes pbuiided Small. 
Lastly, the pipes, when baked, are coveted with 
a glazing or varnish, and afterwards rubbed with ^ 
cloth. Thlfe glajzliig consists of a quarter of a 
pblthd bf ^bap, two outices of white wax, arid one 
ounce bf feuiti ambic, or tr^gacanth, which are all 
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bbiled together iii five piftls of l^^ter, foi: tli^e spdfcfe 
of k ¥ev^ ihitiiites. 



MANUFACTURE OF GLASS; 

This beautiful riikterial is hot of moderH ihvfen: 
tibn J It \v^d§ kno^^ri tiS the anbiferit Rbiiikii^; feiit it 
ms % tio mfeatis fcohiihofa attibhg thehi; aH'd th^y 
dt5 libt a^eal: tb hftve hkd tlife hifetKbd of fei-tnthl 
it ititO vfels'els of vSridii^ §»&{)>§ k§ Is fJl4btisyd at . 

pi^eteat- 

G1W8 is hiadfe b^ filling td^fethfei: fellbx M 
ptitash; or sdd&, ih prbjler JitcipdHidfa^: SeH kkiid; 
whifeh consists altho^t eritlrely bf qtidrtz UM fllHtJ 
reflliced to jibwder, is gfenei*ill5^ Used fo* thiS ji&r- 
pttsfel The alcMi i§ ^eiierdHj^ prbcured rf-bfti th^ 
btti-hihg of sea ^eeds J these ^te ciit{ drifetii aiitl 
burtifed ift pits dug in the grblltid j dtter S SiaffibifeMt 
quantity of thehi haVe biihied iii the Jsdiii'e |lit| M 
nifeltSd ot liquid hia§s iS foiitid in thfe bbtlotn, 
\^icHi aftet beiii^ well stilTed, is feiifFel-ed tb cbol J 
it is then called /ce'^y dtid consists bf a inixtdFe bf 
scidk; t)dtash; and parts bf hdlf biil-iit ^eietts; iBgfe: 
ther With Shells, sand, atid other im{iUrities. 

Wh;6n the ihgredibhts bf which pAhi is cbtttpbsfeii 
ate perffebtly fUsed, and hivb acqiiired a fcfertain 
degr^fe of heat; which is known by the ftdldity bt 
the ma^; paH of the melted matter is taker! bul at 
tllie etld bf at long hoUo^ lube, whlfch is dijijied 
iiitd it, and tilrned abbUt, till a stiffibieht quantity 
is taken tip) the workmen then tolls it geni:ly 
iij)bn a piece of iron, to unite it more iiitihiately. 
Hfe then blows tbi-ough the tube; till the ttteited 
ibass at thb extlremity swells itttb a bubble, after 
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2S6 MANUFACTURE OF GLASS. 

which he rolls it again on a smooth surface to 
polish it, and repeats the blowing, until the glass 
is brought as near the size and form of the vessel 
required as he thinks necessary. 

If it be a common bottle, the melted glass at the 
end of the tube is put into a mould of the exact 
size and shape of its body, and the neck is formed 
on the outside, by drawing out the ductile glass. 

If it be a vessel with a wide orifice^ the glass in 
its melted state is opened and widened with an 
iron tool ; after which being again heated, it is 
whirled about vith a circular motion, and by means 
of the centrifugal force thus produced, is extended 
to the size required. Should a handle, foot, or 
any thing else of the kind, be required, these, are 
made separately, and stuck on in its melted state. 

Window-glass is made in a similar manner, ex- 
cept that the liquid mass at the end of the tube is 
formed into a cylindrical shape, which being cut 
longitudinally by scissars or sheers, is gradually 
bent back until it becomes a flat plate. 

Large plate glass, for looking-glasses, <§*c. is 
made by suffering the mass in a state of complete 
fusion to flow upon a table, with iron ledges to 
confine the melted matter, and as it cools, a metal- 
lic roller is passed over it, to reduce it to an uniform 
thickness. There are various kinds of glass manu- 
factured for different purposes ; the principal of 
these are flint-glass, crown-glass, and bottle-glass. 
Flint-glass is the densest, most transparent, 
colourless, and beautiful. It is sometimes called 
crystal. The best kind is said to be manufactured 
in London, from 120 parts of white siliceous sand, 
40 parts of pearl-ash, 35 of red oxyde of lead, 13 
of nitrate of potash, and 25 of black oxyde of man- 
ganese. It is the most fusible glass. It . is used 
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MANUFACTURE OF GLASS. 2^7 

for bottles, and other utensils, intended to be cut 
and polished, and for various ornamental purposes. 

Crown-glass differs from the last, in containing 
no lead. It is made of soda and fine sand. It is 
used for panes of windows, &c. 

Bottle-glass is the coarsest sort of all. It is 
made from kelp and common sand. Its green 
colour is owing to iron. It is the least fusible. 

Glass is sometimes coloured by mixing with it 
while in a fluid state, various metallic oxyds. It 
is coloured blue, by the oxyd of cobalt ; red, by 
the oxyd of gold ; green, by the oxyd of copper 
or iron ; yellow, by the oxyd of silver or anti- 
mony, and violet, by the oxyd of manganese. 

The hardness of glass is very considerable ; its 
specific gravity varies from 2. 3 to 4, according to 
the quantity of metallic oxyd which enters into 
its composition. Though glass, when cold, is 
brittle, it is one of the most ductile bodies known. 
When liquid, if a thread of melted glass be drawn 
out, and fastened to a reel, the whole of the glass 
Can be spun off; and by cutting the threads of a 
certain length, there is obtained a sort of feather of 
glass. A thread of glass may be thus drawn or 
spun so fine, as to be scarcely visible to the naked 
eye. Glass is almost perfectly elastic, and is one 
of the most sonorous bodies. Fluoric acid dis- 
solves it at common temperatures, and alcalis in a 
great degree of heat These are the only sub- 
stances known which act upon it. 

Glass utensils require to be gradually cooled 
in an oven: this operation is called annealing, and 
is necessary to prevent their breaking by change 
of temperature, wiping, or slight accidental 
scratches. 



Digitized by 



Google 



238 J^4^UFACTppf OF 0^48?* 

Twp toys ars made pf iina|^qe;ale{J g]a^ whiah, 
thpuglj commonly used for tl^e am^semctnt qf chU- 
dr€in, e^l^ibit pbenomgn^ yhicl^ justly iut^f est the 
puriosity of the philq^ppher; )^Q mean Prince 
Rupert's drops, and the ^Rqlqgna flask pr. philoso- 
phical pbial. 

^rinfi^ Ruj^erfs Drojps are made by letting dfpps 
of mpUed glass fall into cold i/v^^ter ; (b^l drop as- 
sumes, by tl^at rpeans, ^w ovaj forin, with a tail or 
neck re§embliiig a retort. Tl^esp drop? are said to 
havjB \>een first invented by j^rince IJ^upert, and 
are, th^rpfore, called by his name. They pps$e$s 
this singular property, that if a small pprtipn pf the 
tail is broken off, t}ie whole bursts into ppwdler witli 
an explosipn; and a considerable shock i^ commu- 
nicated to thq hand that grasps i^;. 

Thq Bologna pr philosophical phialy is s^ small 
yesspl of glags, which has been suddenly cooleid, 
ppen ^t the upp^r end, and rounded at the bpttpff. 
It is f[\^de so thick at tbe bottpm, that i\ w\\l boar 
a swiart l^|ovf against a hard bpdy, wit^iout break- 
ing ; t{ut jf a little pebb|p, pr piecp of flints is let 
fail ii^tq it, it immediately crapk?, and the bpttom 
falls into pieces : but unless the pebble or flint is 
large and angular euQUgli to scratch the spffac^ pf 
ti\p glas?, it will not break. 

Tl^e most generally received explanation of these 
facts is fdunded on the assumption, tbat the dimpn- 
^ious of those bodies which are suddenly^ cpoled, 
are larger than those which a^e more gradually 
cooled. The dimensions, therefore, of the smooth 
external surface of these glasses whic|i are suddenly 
cooled, are supposed to be larger than is adapted to 
the aqpjiratp enyelqpement of the internal part, 
which is necessarily cooled in a more gradual w^an- 
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i^ey J if, therefqrp, by ci crack or sqpatcbt ^ 4i^j^"c- 
tion of the cohesiqn takes placq, in the iti^ern^ s^m"- 
face, the hidden action of the p^rts yhich refqain^ji 
in ^ state of |;ension, to recover t|iat of peffpct co- 
hesion, i^ supposed tp effect the destruction of the 
|he m^^ss. 

VARNISHING. 

By mrnish is understood a clear limpid fluid, 
capable of hardening, without losing its transpa- 
rency; used by painters, gilders, &c. to give a 
lu3tre to their works, and to preserve and defend 
tbem from the air and moisture. 

A coat of varnish ought to possess the following 
pyoperti^s: 1. It m^st exclude the action of the 
air: because wood land metals are varnished to de- 
fend them from d^c^y and rust 2. It must resist 
water ; for otherwise the effect of the varnish could 
not be permanppt. 3. It ought not to alter such 
colours as are intended to be preserved by this 
means. It is necessary, therefore, that a varnish 
should be easily extended or spread over the sur- 
face, without leaving por^s qr cavities, that it should 
not crack or scale, and that it should resist water. 

B^^sins are the only bodies that possess these pro- 
perties, consequently they must form the basis of 
every varnish. For this purpose they must be dis- 
solved, as minutely divided as possible, ^nd com- 
bined in such a manner, that the imperfections of 
those that might be disposed to scale, may be cor- 
rected by others. 

Resins may be dissolved by three agents: 1. by 
fixed or fat oilj g. by volatile, or essential oil; 
3. by spirit of wine. Accordingly, we have three 
kinds cf vjirnish : jfe/, or oii^ varnish ; essential oil 
v(ir^sh / ?ind ^^irit vatTiish. 
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240 VARNISHING. 

These agents are of such a nature as either to 
dry up and become hard, or to evaporate and fly 
off, leaving the resin fixed behind. 

Varnishes should be carefully kept from dust, 
and in very clean vessels: they should be laid as 
thin and even as possible with a large flat brush, 
taking care to lay the strokes all' one way. A warm 
room is best for varnishing in, as, cold chills the 
varnish^ and prevents it from laying even. 

Varnishes are polished with pumice-stone and 
tripoli. The pumice-stone must be reduced to a 
very fine powder, and put upon a piece of serge 
moistened with water; with this the varnished sub- 
stance is to be rubbed equally and lightly. The 
tripoli must also be reduced to a fine powder, and 
put upon a clean woollen cloth, moistened with 
olive-oil, with which the polishing is to be per- 
formed. The varnish is then to be wiped with soft 
linen, and, when quite dry, cleaned with starch, or 
Spanish-white, and rubbed with the palm of the 
hand, or with a linen cloth. 

Fdt Oil Varnish. 

Fixed or fat oil will not evaporate j nor will it 
become dry of itself. To make it dry, it must be 
boiled with metallic calces or oxides. Litharge is 
generally used for this purpose. Oil so prepared is 
called drying'Oil. To accelerate the drying of oil 
varnish, oil of turpentine is added. 

Gum-copal, and amber, are the substances prin- 
cipally employed in oil varnishes j the copal being 
whitest, is used for varnishing light, the amber for 
dark colours. 

It is best to dissolve them T)efore mixing them 
with the oil; because, by this means, they are in 
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VARmSttlNG. S41 

less danger of being scorched, and at the same time 
the varnish is more beautiful. They should be 
melted in an iron pot over the fire: they are in a 
proper state for receiving the oil when they give 
no resistance to the iron spatula, and when they 
run off from it drop by drop. 

To make oil varnish, pour four, six, or dght 
ounces of drying-oil among sixteen ounces of 
melted copal, or amber, by little and little, con- 
stantly stirring the ingredients at the same time, 
* with the spatula. When the oil is well mixed with 
" the copal or amber, take it off the fire; and when 
it is pretty cool, pour in sixteen ounces of the 
essence of Venice turpentine. After the varnish 
is made, it should be passed through a linen cloth. 
Oil varnishes become thick by keeping; but 
when they are to be used, it is only necessary to 
pour in a little Venice turpentine, and to put them 
a little on the fire. Less turpentine is necessary in 
sumiher than in the winter : too much oil hinders 
the varnish from drying; but when too little is 
used, it cracks, and does not spread properly. 

Black Varnish Jbr Coaches and Iron- (Fork. 

This varnish is composed of asphaltum^ resin, 
and amber, melted separately, and afterwards 
mixed; the oil is then added, and afterwards the 
turpentine, as directed above. The usual propor- 
tions are, twelve ounces of amber, two of resin, two 
of asphaltum, six of oil, and twelve of tui'pentine. 

A Varnish for rendering Silk Water and Air-tight. 

To render the linseed-oil drying, boil it with 
two ounces of sugar of lead, and three ounces of 
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«*2 VARWISHWG. 

Uthai^ f0? ©very pint of oU, till the oil ha* 4is. 
solved thena; then put ^ pound of biird-lime, and 
. half a pint of the drying oil into a pot of iron or 
cppper> holding about a gallon; and let it boil 
gently over a slow charqoal fire, till the bird-lin^e 
ceases to crackle; then pour upon it two. pintg und 
a h^of drying.oil, and boil it for about an hour 
longfM^9 stirring it often with an iron or wpoden 
^atula. As the yarni^h in boiling swells much, the 
pot should be removed from the fire, and replaced 
wjben th? varnish subsides. While it is boiling, it 
should be occasionally examined, in order to deter- 
mine whether it has boiled enough. For this pur- 
pose, take some of it upon the blade of a large 
knife, and after rubbing the blade of another kn^e 
upon it, separate the knives; and when, on their 
separation, the varnish begins to form threads be- 
tween the two knives, it has boiled enough, and 
should be removed from the fire. When it is almost 
cold, add about an equal quantity of spirits of tur- 
pentine; mix both well together, and let the mass 
rest till the next day; then having warmed it a 
little, strain and bottle it. If it is too thick, add 
spirits of turpentine. , This varnish should be laid 
upon the stuflPwhen perfectly dry, in a lukewarm 
(State; a thin coat of it upon one side„ and, about 
twelve hours after, two other cpats should be laid 
on, one on each side ; and in twenty-four bpurs the 
silk may be used. 

Mr* Blanchard^s Famish for Air-balloons^ 

Dissolve elastic gum (Indian-rubber), cut small, 
in five times its^ weight of spirits of turpentine, by 
keeping them, soine days together ; then boil one 
ounce 9f thisf solution in eight pi^nces of drying 
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lins^-Oil fear A ikw miQuteififf and str^ it^ Uie 

Essential Oil F'armsh. 

The ^si^etitial varnishes eomidt o€ a sM^ittioii ^f 
resit in oil li# tui^entine* This varnish being ap- 
pKedy the turpentine evaporates, leaving the redn 
behmd^ They am commonly used for pictures. 

5b Mssohe Oum C&pal h Oil qflkirpentine. 

Whatever quantity is to be di^Rolved should he 
put into a glass vessel capable of cont^iug at 
lea^ four time^ as much, and it s];iQuld be high in 
propprtion to it* breadth* 

JEieduoe two ounces of ^of^ to 3maU pieces, ^nd 
pijt th^m ifttp ^ proper vessel* Mix a pipt of oil 
of terpentine with one-eighth part of spirit of i|>l 
aromoiwac} shake them weU together, put i^ew to 
tiie PQpalj cQifk. the glass, and tie it oyer with a 
string or wire, making a small hole throi^h t))e 
cork. Set the glass in a sand heat, so regulated as 
to make the contents hoij as quickly as possible, 
but so gently, that the bubbles may be counted as 
they rise from the bottpm* The same heat nui«t be 
kept up exactly till \he solution is complete. 

It requires the most accurate attention to suc- 
ceed in this operation. After the spirits af e mixed, 
they shoi|14 be put to the cop*l, and the necessary 
degree of heat be given as soon as possible. It 
should likewise be kept up with the utmost regu- 
larity. If the heat abates, or if the spirits boil 
quicker than is directed, the sdtitioft wiB innnedi- 
ately ^tpp, and it will afterwards be in vaiji to.pro^ 
Q^m with the same materials j hut if properly 
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managed, the spirit of sal ammoniac will be seen 
gradually to descend from the mixture, and attack 
the copal, which swells and dissolves, except a very 
small quantity which remains undissolved. 

It is of much consequence that the vessel should 
not be opened till some time after it has been per- 
. fectly cold. It has happened, on uncorking the 
vessel, when it was not warm enough to afifect the 
hand, that the whole of the contents were blown 
with violence against the ceiling. It is likewise 
important, that the spirit of turpentine should be 
of the best quality. The turpentine bought at the 
colour-shops seldom answers; it should be had 
from Apothecaries* hall. 

This varnish is of a rich deep colour, when 
viewed in the bottle, but seems to give no colour 
to the pictures it is laid on. If left in the damp, 
it remains tocA;^, as it is called, a long time; but 
if kept in a warm room, or placed in the sun, it 
dries as well as any other turpentine varnish ; and 
when dry, it appears to be as durable as any other 
solution of copal. 

Spirit Varnishes. 

When resins are dissolved in alkohol, com- 
monly called spirits of wine, the varnish dries very 
speedily, but is subject to crack. This fault is 
corrected by adding a small quantity of oil of tur- 
pentine, which renders it brighter, and less brittle 
when dry. 

To dissolve Gum Copal in Spirits of Wine. 

Dissolve half an ounce of camphor in a pint of 
alkoholy or spirits of wine ; put it into a circulat- 
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ing glass, and add four ounces of copal, in small 
pieces ; set it in a sand-heat so regulated, that the 
bubbles may be counted as they rise from the hot* 
torn ; and continue the same heat till the solution 
is completed. 

Camphor acts more powerfully upon copal than 
any other substance. If copal is finely powdered, 
and a small quantity of dry camphor rubbed with 
it in the mortar, the whole becomes in a few 
minutes a tough coherent mass. The process 
above described will dissolve more copal than the 
menstruum will retain when cold. The most 
economical method will, therefore, be,^to set the 
vessel which contains the solution by for a few 
days ; and when it is perfectly settled, pour off ^ 
the clear varnish, and leave the residuum for a 
future operation. 

This is a very bright solution of copal : it is an 
excellent varnish for pictures, and may, perhaps, 
be found to be an improvement in fine japan 
works, as the stoves used in drying those articles 
may drive off the camphor entirely, and leave the 
copal pure and colourless upon the work. 

N. B. Copal will dissolve in spirit of turpentine, 
by the addition of camphor, with the same facility, 
but not in the same quantity, as in alkohoL 

A Varnish for Wainscoty Cane Chairs^ <§ic. 

Dissolve in a quart of spirits of wine, eight 
ounces of gum sandarach, two ounces of seed-lacy 
and four ounces of resin ; then add six ounces of 
Venice turpentine. If the varnish is to produce 
a red colour, more of the lac and less of sandarach 
should be used, and a little dragon's blood should 
be added. This varnish is very strong. . 

Ji 3 
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4 VmTiMh^r T^ikt^B9A!iSi Ca^$^Funh ^^ 

JPi88^ve two punces Qf gmt^ nqasti^bi £|iid eight 
ounces of gum sandarach, in a quart of a^jl^Q^ } 
tb^ add f^ur ounces of Venice ^urpefltipej 

,A Va^rmshjqr ViotitiSp an4 other ^micat 
Instruments* 

Put lour ounces of gum sandarach, two ounces 
of lac, twP ounces of gum mastich, an ounce of 
^f^ elemi^ into a quftit of alkphpl? and hapg them 
OY^r a ^iow firp till theiy are disjsolved j then add 
t^yo Quijce? of turp^ntjne. 

fdHiUh for employing Vemutiofi jbt ^amih^ 
Equipages. 

IMssolvfe in a quart of alkohol isiit Punces of 
sahdarjich, three oulices of gutn kc, and fditr 
ounces of resin; afterwards add six ounc^is of thtd 
cheapest kind bf tutpetttine : mijt it With d pto- 
pei: quktitity of v^niilliott wheti it is tp bfe used. 



S^ed-lac Varmsh, 

Take spirits of wine, pne quart; put it i|\a 
wide mouthed bottle> add thereto eight ounces of 
seed-lac, that iii large gmined, bright^ and dear* 
free fiwi? dirt and sticks 5 let it stand twp dajs, or 
lotiger, in a wurcii placet often shaking it. Strain 
it through a flaftn^ into another bottle^ and ^t is 
fit for use. 
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Shell-lac Varnish. 



Take odq quart of spirits of wine, eight ounces 
of* the thinnest and most transparent shell-kd, 
which, if melted in the flame of a candle, will 
draw out in the longest and finest hair ; mix arid 
shake these together, and let them stand iti ^ 
warm place for two days, and it is ready for Use. 
This varnish is softer than that which is *made 
from seeilac, and, therefore, is not S6 useful } but 
may be mixed with it for varnishing wood, &c. 

White Varnish Jiir Clock Faces, ^c. 

Take of spirits of wine, highly rectified, one 
pint, which divide into four parts ; then mix one 
part with half an ounce of gum mastich, in a phial 
by itself J one part of spirits, and half an ounce 
of gum sandarach, in another phial ; one part of 
spirits^ and half an ounce of the whitest parts of 
gum^benjamin; Then mix and terhpei* tnem to 
your mind. It would not be amiss to add a little 
bit of white resin, or clear Venice turpentine, in 
the mastich bottle ; it will assist in giving a gloss. 
If your varnish prove too strong ana thick, add 
spirits of wine only ; if too hard, some dissolved 
mastich ; if too soft, some sandarach or benjamin. 
No other rule can be given, unless the quality of 
the gums and the spirits could be ascertained. 
When you have brought it to a proper temper, 
warm the silvered plate before the fire, (if a clock 
face, taking care not to melt the wax,) and with 
a flat camePs-hair pencil, stroke it all over until 
no white streaks appear. This will preserve silver- 
ing many years, 

R 4 
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JAPANNING. ^ 

Japanning is properly the art of varnishing and 
painting ornaments on wood, in the same maniier 
as is dcme by the natives of Japan in the East 
Indies. 

Th6 substances which admit of being japanned 
are almost all kinds that are dry and rigid, or 
not too flexible ; as wood, metals, leather, and 
paper prepared. 

Wood and metals do not require any other pre- 
paration but to have their surfaces perfectly even 
and clean ; but leather should be securely strained^ 
either on frames or on boards ; as its bending, or 
forming folds, would otherwise crack and force off 
the coats of vaitiish. Paper should be treated in 
the same numner, and have a previous strong coat 
of some kind of size; but it is rarely made the 
subject of japanning till it is converted into ^pflspier 
machi^ or wrought by other means into such form,, 
that its original state, particularly with respect to 
flexibility, is changed. 

One principar variation from the method for- 
merly used in japanning is, the omitting any prim- 
ing, or undercoat, on the work to be japanned. 
In the older practice, such a priming was always 
employed; the use of it was to economize the 
varnish by filling up the inequalities in the surface. 
But there is a great inconvenience arising from 
the use of it, that the japan coats are constantly 
liable to be cracked and peeled off by any vio- 
lence> and will not last near so long as the articles 
which are japanned without any such priming. 

The French still retain the use of this under- 
coat, and their japanned goods are upon that 
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account less durable than those manufactured at 
Birmingban^ where it is not used. 

Of the Nature of Japan Grounds. 

*When a primuig is used, the work should first 
be prepared by being well smoothed with fish-skin 
or glass-paper, and being made thoroughly clean, 
should be brushed over once or twice with hot 
size, diluted with two-thirds water, if it is of the 
common strength. The priming should then be 
laid on as even as possible, and should be formed 
of a size, of a consistency between the common 
kind and glue, mixed with as much whiting as 
will give it a sufficient body of colour to hide 
the surface of whatever it is laid upon, but 
not more. This must be repeated till the inequal- 
ities are completely filled up, and then the work 
must be cleaned off with Dutch rushes, and 
polished with a wet rag. 

When wood or leather is to be japanned, and no 
priming is used, the best preparation is to lay two 
or three coats of coarse .varnish, composed in the 
following manner: 

Take of rectified spirits of wine one pint, and of 
coarse seed-lac and resin, each two ounces j dis- 
solve the seed-lac and resin in the spirit, and then 
strain off the varnish. 

This varnish, as well as all others formed of 
spirit of wine, must be laid on in a warm place ; 
and if it can be conveniently managed, the piece 
of work to be varnished should be made warm like- 
wise ; and for the same reason, all dampness should 
be avoided ; for either cold or moisture chills this 
kind of varnish, and prevents its taking proper 
hold of the substance on which it is laid. 
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Wb«n the work is bo ^repated^ 6t b^ the t>riiiikig 
with the composition of size and Ivhitii^ aboire 
described, the proper japan ground must be 
laid on, whieh is much the best formed of shell- 
lac varnish, and the colour desired, except white, 
wlach r&qtiked a peculiar treatment ) ahd if brigfat- 
n^sB b6 Want)^, then also other meatii) must be 
pufi^Ued. 

The colours used with the shellJdc vamiih may 
h6 iitiy pignients whatever which give the tint of 
the g^dtltid destined. 

As metds never require to be under*»coatdd 
with whiting, they may be treated in the same 
mandejT as wood or l»then 

fVhite Japan Grounds. 

The difficulty of forming a ground that shall be 
at the same time hard and white, arises from there 
being no substance that will form a very hard var- 
nish, and yet have no colour. 'The best is made as 
fcJlows : Mix flake white, or white lead, with one- 
sixth of its weight of starch, and dry the mixture, 
and temper it with mastich varnish. Lay this on the 
substance to be japanned, with or without the under 
cQat of whiting; then varnish it with five or six 
coat8 of a varnish made by dissolving two ounces 
of picked lac, and three ounces of gum animi, in a 
a quart of spirit of wine, straining off the clear 
varnish* 

A very good varnish, free from all brittleness, 
may be formed, by dissolving as much gum animi 
as the oil will take, in old nut, or poppy oil, boiled 
gently, when the gum is put into it. The jground 
of white colour may be laid on in this varnish, and 
then a coat or two may be put over the ground: 



Digitized by 



Google 



but it must be well diluted with oil of turpentine 
when it is used. 

Bhle tfdpan Qrounds. 

Blue j^pau grounds may bp forpaed of bright 
Prussian-blue J or of verditer^ glazed over by Prus- 
sian-blui^^ or smalt. T)>e colour ptay be best mixed 
w^^h ^hell-lac vftrnisht anc| brpught to ^ polishing 
stfl^t^ by five or six coats of vftfiush of 8ee4*laci but 
the varni^i qeverthdess, will somewhat injure th^ 
cplour> \^j giving to a true blue a past of green, ftpd 
fw^^g in some degreq a wariji blue by the yellow 
it; pppt^ins ; wh^rp, therefore, a brigl^t l^lu^ is r^ 
qvjr^d, ^nd a lei^ degree of hardness can be 41%* 
pensed with, the method before directed in the 
cfls^ pf w)iite grounds fl^us^ b^ ppr^uedf 

Red Japan Grounds. 

For a scarlet japan ground, vermilion may be 
used; but the vermilion has a glaring effect, that 
renders it much kss b^atltiM than the crimson 
produced \>j glazing it over with carmine pr fine 
lak^ or even with rose pink, which has ^ very good 
effect, used fpr this purpose. For a very bright 
critason, nevertheless, instead qf gia2;ing with cart 
miue, the Indian lake should be used, dissolved in 
the spirit of which the varnish is compounded, 
whicl^ it readily admits of when gqodj and in this 
case, instep of glazing with the shell-lac varnish, 
the upper, or polishing coats need only be used, as 
they will equally receive and convey the tinge of 
the Indian lake, which may be actually dissolved 
by spirits of wine, and this will be found a much 
cheaper method than the using carmine. If) how- 
ever, the highest degree of brightness is required, 
the white Y?tmish must be usea!^ 
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Yellow Japan Grounds. 

For bright yellow grounds, king's yellow, or 
turpeth mineral should be employed, either alone 
or mixed with fine Dutch pink, and the effect may 
be still more heightened, by dissolving powdered 
turmeric root in the spirits of wine, of which the 
upper or polishing coat is made j which spirits of 
wine must be strained from off the dregs, before the 
seed-lac be added to it, to form the varnish. 

The seed-lac varnish is not equally, injurious 
here, and with greens, as is the case of other co- 
lours; because, being only tinged with a reddish 
yellow, it is little more than an addition to the force 
of the colours. 

Yellow grounds may be likewise formed of Dutch 
pink only, which, when good, will not be wanting 
in brightness, though extremely cheap. 

Green Japan Grounds. 

Green grounds may be produced by mixing 
king's yellow and bright Prussian blue, or rather 
turpeth-mineral and Prussian blue. And a cheap, 
but fouler kind by verdigris, with a little of the 
above mentioned yellows, or Dutch pink. But 
where a very bright green is wanted, the crystals 
of verdigris, called distilled verdigris, should be 
employed; and to heighten the effect, they should 
be laid on a ground of leaf gold, which renders the 
colour extremely brilliant and pleasing. 

Orange Japan Grounds. 

Orange coloured japan grounds may be formed 
by mixing vermilion, or red lead, with king's yel* 
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low, or Dutch pink, or the orange lake, which will 
make a brighter orange ground than can be pro- 
duced by any mixture. 

Purple Japan Grounds. 

These may be produced by the mixture of lake 
and Prussian blue j or of a darker kind, by Vermil- 
lion and Prussian blue. They may be treated as 
the rest, with respect to the varnish. 

Black Japan Grounds. 

Black grounds may be formed without heat, by 
either ivory black or lamp black ; but the former is 
preferable where it is perfectly good. These may 
always be laid on with shell-lac varnish; and have 
their upper, or polishing coats of common seed- 
lac varnish, as the tinge or foulness of the varnish 
can here be no injury. 

Common black Japan grounds on iron or copper, 
produced by means of heat, are formed thus : the 
piece of work to be japanned must be painted over 
with drying oil, and a little lamp black j and when 
it is of a moderate dryness, must be exposed to 
such a degree of heat, as will change the oil to 
black, without burning so as to destroy or weaken 
its tenacity. The stove should not be too hot 
when the work is put into it, nor the heat increased 
too fast, either of which errors would make it 
blister ; but the slower the heat is augmented, and 
the longer it is continued, provided it be restrained 
within the due degree, the harder will be the cog.t 
of japan. This kind of varnish requires no polish, 
having, received, when properly managed, a suffi- 
cient one from the heat. 
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Torioise-sheU Japcm Ground. 

The best kind is made by inean^ of a varnish 
prepared in the following manner: 

Take of gop4 linseed-oil one gallon, and of umber 
half a pound J boil them together till the oil become 
very brown and thick; strain it thrpugh ^ c^parse 
clotbf ^nd boil it in till it aqquire Xh^ qonaistepce 
pf pitch- 
Clean well the metal, or othqr pieces which aire 
to be japanned, and lay vermilion tempered with 
shell-lac varnish, or witli cjrying-oil diluted with 
oil of turpentine, very thinly, on the places intended 
to imitate the more transpj^rei\t parts of the tortoise- 
rfi^. When the vernnlion is dry, brush py^r the 
vl^le with the bUck vj^mish, tempered to ^ tyiie 
qpnsistenc© vith oil of turpentine; and wb§n i% is 
set and firm, put thp work into a stov^, vhi^^ it 
may undergo ^ very strong heat> which mu^t be 
continued a considerable tim^ ; if even three weeks 
or a montb it will be the better* 

Thi^ was given amongst oth^r Teic^ijpkl9 by 
Knnck^l i bnt appears to have been negl^c?t^4 till 
it MfaR T^vived with great $ucqess in the Birming- 
ham n^^nufactures, wh^re it wa$ m\Kh used. 

Method of painting Japan Work. 

Japan work ought properly to be painted with 
colours in varnish; though, for the greater dis- 
patch, and in some very nice work in small, for the 
freer use of the pencil, the colours are sometimes 
tempered in oil ; which should previously have a 
fourth part of its weight of gum animi dissolved in 
it ; or in default of that, gum sandarach, or guni 
mastich. When the oil is thus used, it should be 
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yf^ dilutefl with g^ of turppntin^^ tiiatthe cq^owrs 
may lay moi^ evenly and thin ; hy which meaps^ 
fewer of the polishipg or upper coats of varnish be- 
come necessary. 

In 9t(^ne instances^ water colours s^'e laid on 
grounds of gold> in the manner of other paintings; 
and are best without any varnish over them* When 
they aie to haVe the effect of embossed work, the 
colours for painting are prepared by means of isin- 
glass size, wit^^ some honey or sugar candy. The 
body of which the embossed work is raised, need not, 
however, be tinged with the exterior colour, but m^ay 
be formed of very strong gum water, thickened to 
a proper consistence by bole armoniac and whiting 
in equal parts; which being laid pn the proper 
figure and repaired when dry, may be then painted 
with the proper colours, tempered ^th the isin^ 
glass size, or, iu the usual manner, with shell-lac 
varnish. 

Manner of varnishing Japan Work. 

Tl^e finishing of japan-work consists in laying on, 
and polishing, the outer coats of varnish. This isin 
general done best with common seed-lac varnish. 
5ut where brightness is the most material point, and 
a tinge of yellow will injure it, seed-lac must give 
way tp the whiter gums ; where hardness, and a 
greater tenacity are most essential, it must be re- 
tained; and the mixed varnish mentioned above, 
under white japanned ground, made of the picked 
seed-lac, must be adopted. 

With respect to making this varnish, it may be 
observed, that when the spirit of wine is very 
strong, it will dissolve a greater proportion of the 
seed-lac ; but this quantity will saturate the com- 
mon, which is seldom of a strength sufficient to 
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056 JAPANNING.. 

make varnishes in perfection. As the chilling, 
which is the most inconvenient accident attending 
varnishes of this kind, is prevented, or produced 
more frequently, according to the strength of the 
spirit ; we shall show a method by which weaker 
rectified spirits may be rendered of the first degree 
of strength. 

Take a pint of the common rectified spirit of 
wine, and put it into a bottle, of which it will not 
fill above three parts ; add to it half an ounce of 
pearl-ashes, salt of tartar, or any other alcaline 
salt, heated red hot, and powdered as well as it 
can be without much loss of its heat; Shake the 
mixture frequently for the space of half an hour j 
before which time, a great part of the phlegm will 
be separated from the spirit, and will appear, toge- 
ther with the undissolved part of the salts, in the 
bottom of the bottle. Let the spirit be poured off 
or freed from the phlegm and the salts, by means 
of a separating funnel ; and let half an ounce of 
the pearl-ashes, heated and powdered as before, be 
added to it,^ and the same treatment repeated. 
This may be done a third time, if the quantity of 
phlegm separated by the addition of the pearl- 
ashes appear considerable. An ounce of alum 
reduced to powder, and made hot, but not burnt, 
must then be put into the spirit, and suffered to 
remain some hours, the bottle being frequently 
shaken; after which the spirit being poured off 
from it, will be fit for use. 

The addition of the alum is necessary to neu- 
tralize the i^emains of the alcaline salt, which 
would otherwise greatly deprave the spirit. 

The manner of using the seed-lac, or white 
varnish, is the same, except with regard to the 
substance used in polishing ; which, where a pure 
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white of a great clearness of other colours is in 
question, should be itself white 5 whereas the 
browner sorts of polishing-dust, as being cheaper^ 
and doing their business with greater dispatch^ 
may be used in other cases. The pieces of work 
to be varnished should be placed near a fire, or in 
a room where there is a stove, and made perfectly- 
dry; and then the varnish may be rubbed over 
them by the proper brushes made for that pur- 
pose, beginning in the middle, and passing the 
brush to one end, and then with another stroke 
from the middle, passing it to the other. But 
no part should be crossed, or twice passed over, 
in forming one coat, where it can be possibly 
avoided. When one coat is dry, another must be 
laid over it j and this must be continued at least 
five or six times, or more, if, on trial, there be not 
sufficient thickness of varnish to bear the polish, 
without laying bare the painting or ground colour 
underneath. 

When a sufficient number of coats is thus laid 
on, the work is fit to be polished ; which must be 
done, in common cases, by rubbing it with a rag, 
dipped in tripoli, or rotten-stone, finely powdered ; 
but, towards the end of the rubbing, a little oil of 
any kind should be used along with the powder ; 
and when the work appears sufficiently bright and 
glossy, it should be well rubbed with the oil alone, 
to clean it from the powder, and give it a still 
brighter lustre. 

In case of white grounds, instead of tripoli, or 
rotten-stone, fine putty, or whiting must be used ; 
both of which should be washed over, to prevent 
the danger of damaging the work, from any sand 
or gritty matter that may happen to be mixed 
with them. 

VOL. u. s 
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It is a great improvement in all kinds of jap^ned 
^ork, to harden the varnish by means of heatj 
which in every degree that it can be appKed, short 
oir What would burn or calcine the matter, tends 
to ^ve it a mote firm and strong texture. 

Where metal forms the body, a very hot 6tov6 
Ynay be used j and the pieces of work may be cdn* 
tinued ia it a considerable time, ei^ecially if the 
hfe'at be gradually increased ; but where wood is in 
'^ue^tioii, heat must be sparingly used, as it would 
iitherwise warp or shrink the body, so as to injure 
tihe general figpare. 

LACQUERING. 

Liacquering is the laying either coloured or 
transparent varnishes on metals, in oider to pro- 
duce the appearance of a different colour in the 
metal, or to preserve it from rust, or the injuries 
of the weather. 

Lacquering is used where brass is to be made 
to have the appearance of being gilt ; where tin is 
wanted to have the resemblance of yellow metals ; 
and where brass locks or nails, or other such mat- 
ters, are to be defended from the corrosion of the 
air or moisture. 

The principal substance used for the compo- 
sition of lacquers, is seed-lac ; but for coarser pur- 
poses, resin or turpentine is added, in order to 
make the lacquer cheaper. 



A Lac^uetjbr Brass^ io imitate Gilding. 

Take of turme?Jc ont Ounce, and of srfRrdii aftd 
Spanish annotto, each two drachms. Put fhem 
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into a proper battle, with a pint of hi^y teethed 
spirits of wine, and ;daoe them in a moderate heat, 
often shaking them for several dajrs. A very 
strong yellow tincture will tb^i be obtained, 
which must be strained off firom the dregs through 
a coarse Knen cloth; and then, being put back 
into the bottle, three ounces of good seed«lac, 
powdered grossly, must be added, and the mixture 
placed again in a moderate heat and shaken till 
the seed-lac be dissolved, or at least such a part of 
it as may. The lacquer must then be strained, and 
must be put into a bottle well corked. 

Where it is desired to have the lacquer warmer 
or redder than this composition, the proportion of 
the annotto must be increased ; and where it is 
wanted cooler, or nearer to a true yellow, it must 
be diminished. 

The above, properly managed, is an extremely 
good lacquer, and of moderate price ; but the 
fcdlowing, which is Chester, and may be made 
where the Spanish annotto cannot be procured 
good, is not greatly inferior to it. 

Take of turmeric root, ground, one ounce, of 
the best dragon^s blood half a drachm. Put them 
to a pint of spirits of wine, and proceed as above. 
By dimini^ng the proportion of dragon's blood, 
the varnish may be rendered of a redder or truer 
yellow cast. 

Safiron is sometimes used to form the body of 
colour in this kind of lacquer, instead of the tur- 
mwic J but though it makes a warmer yellow, yet 
Ihe deamess of it, and the advantage which tur- 
meric has in farming a much stronger tinge in 
spirits of wine, giv^ it the preference. ThoMgh 
being a true ydlow, and consequently not sufi}- 
ciently warm to overcome the greenish cast pf 
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brassr it requires the addition of some ora»gt^ 
coloured tinge to make it a perfect lacquers 

Aloes and gamboge are also sometimes used in 
lacquers for brass ; :but the aloes is not necessary 
where turmeric or saffron is used ; and the gam<«^ 
boge, though a very strong milky juice in water, 
afforda but a very weak tinge in spirit of wine. 



A Lacquer for Tin^ to imitate a Yellom Metal. 

Take of turmeric root one ounce, of dragon's 
blood two drachms, and of spirits of wine one 
pint J add a sufficient quantity of seed-lac. 



A Lacquer for Locks, <§pc. 

Seed-lac varnish alone, or with a little dragon's 
blood : or a compound varnish of equal parts of 
seed-lac and resin, with or without the dragon's 
blood. 



A Gold-coloured Lacquer for gilding Leather^ 

What is called gilt leather, and used for screens, 
borders for room^, &c. is only leather covered 
with silver leaf, and lacquered with the following 
<?omposition. 

Take of fine white resin four pounds and a halfi 
of common resin the same quantity, of gum san- 
darach two pounds and a half, and of aloes two 
pounds ; mix them together, after having bruised 
those which are in great pieces, and put them into 
an earthen pot, over a good fire made of charcoal, 
or over any fire where there is no flame. Melt all 
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the ingredients in this manner, stirring them well 
with a spatula, that they may be thoroughly, mixed 
together, and be prevented also from sticking to 
the bottom of the pot. When they are perfectly 
melted and mixed, and gradually to them seven 
pints of linseed oil, and stir the whole well 
together with the spatula. Make the whole boil, 
stirring it all the time to prevent a kind of sediment 
that will form, from sticking to the bottom of the 
vessel. When the varnish is almost sufficiently 
boiled, add gradually half an ounce of litharge, or 
half an ounce of red-lead, and when they are dis- 
solved, pass the varnish through a linen cloth, or 
flannel bag. 

The time of boiling this varnish should be about 
seven or eight hours. This, however, varies, ac- 
cording to circumstances. The way of knowing 
when it is sufficiently boiled, is by taking a little on 
some instrument, and if it draws out and is ropy,, 
and sticks to the fingers, drying on them, it i^ 
done ; but if not, it must be boiled till it acquires 
these qualities. 

GILDING. 

Gilding is the application of gold to the surfaces 
of bodies: it is of two principal kinds, according 
to the method of applying the gold. 

Wood, leather^ paper, and similar substances, 
are gilt by fastening on leaves of gold by means of 
some cement. But metals are gilt by a chemical 
application of the gold to the surface. This last 
is called wafer gilding. 

The gilding of wood, and similar substances, is 
of three kinds; oil gildings burniirhed gilding, and 
japanners^ gilding,yfhichv/e shall severally describe, 
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after noticing the materials and tools necessary for 
going to work, 

OfGold'Leaf. 

There are three kinds of gold-leaf in common 
use. 

Pure gold^leqfy which is made by hammering 
gold between the leaves of a book made of skins, 
till they are sufficiently thin. 

Pale leqfigold, which has a greenish colour, and 
is made of gold alloyed with silver. 

Dutch goldj which is brought from Holland, and 
is in fact only copper-leaf coloured by the fumes of 
zinc. It is much cheaper than true leaf-gold, and 
is very useful where large quantities (^gilding are 
wanted, which can be defended from the weather, 
and where great nicety is not required; but it 
changes its colour entirely when exposed to mois* 
ture ; and, indeed, in all cases, its beauty is soon 
impaired, unless well secured by varnish. It is 
therefore only a cheap substitute for true gold-lea^ 
which may be useful where durability is not an 
object. 

Of the Instruments necessary for Gilding. 

The first instrument is the cushion^ for receiving 
the leaves of gold from the books in which they 
are bought. It is made by covering a board of 
about eight inches square, with a double thickness 
of flannel, and over that, a piece of buff leather, 
and fastening it tight round the edges^ 

The knife for cutting the leaves into the requisite 
sizes should be made like a pallet knife, and should 
not ^ve its edge too sharp. 
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The tip is a tool mdde by fastening the long 
hairs of a squirrel's^ tail between t5!^o cards^ and is 
used for taking up the gold-leaf after it is cut, and 
applying it to the article to be gilded* 

Ajitch pencil is used for the same purpose as the 
last, in taking up very small bits of gpld-leaf. A 
ball of cotton is necessary for pressing down the 
leaf, after it is laid on. A large cameVs-Jiaiir bmsh 
is used for dusting the work, an4 clearing aw^y 
the superfluous gold. 



Oil Gilding. 

Prime the work with boiled linseed-oil and 
white-le^d ; and when that is dry, do it over with a 
thin coat of gold size, made of stone ochre ground 
ia fat oil. When that is so dry as to feel clammy 
to the fingers, or to be, as the gilders call it, tackif^ 
iX is fit for gilding* Having spread your leaves^ 
upon the cushion, cut them into slips of the proper 
wddth foy covering the work* Then breathe upon 
your tip, which, by moistening it, will cause it to 
take up the leaves from the cushion. Having ap- 
applied them by the tip on the proper parts of the 
workjj press them down \>y the ball of cotton^ 
Observe to repair, by putting small pieces of gold 
on any parts which you have o^tted Ifo cover. 
^hw all the work is sufficiently cpveredj. let it 
dry, and clean it off with the brush. 

I'his sort of gilding is the easiest, least expen- 
sive, and stands the weather best, and m^y be 
cleaned with a little water at any time j but wants 
the lustre of burnished gilding. 

s> 
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Burnished Gilding. 

This is the sort of gilding generally used for 
picture-frames, looking-glasses, &c. 

ITie wood intended to be gilt in this manner 
should first be well sized, and then done over with 
seven or eight coats of size and whiting, so as to 
cover it with a body of considerable thickness. 
Having got a sufficient quantity of whiting upon 
the work, it must be carefully cleaned oflF, taking 
care to free all the cavities and hollows from the 
whiting that may have choked them up, and by 
proper moulds and tools restoring the sharpness 
of the mouldings intended to be shown. 

It is then to receive a coat of size, which is 
made by boiling armeniac bole with parchment 
size. This must also remain till it is sufficiently 
dry for the gold. It must not be quite dry ; there- 
fore Jt would not be prudent to lay on more at a 
time, than can be gilt before it becomes too dry. 

The work being thus prepared, place it a little 
declining from you, and having a cup of clean 
water ready and some hair pencils, moisten a part 
of the work, and then apply the gold by the tip to 
the moistened part. The gold will immediately 
adhere close to the work : proceed to wet the next 
part, and apply the gold as before, repeating this 
operation till the whole is completed ; taking care 
not to let any drops of water come upon any part 
of the gold already laid on. Care should therefore 
be taken, that no part be missed in going over it 
at first, as it is not so easily mended as the oil 
gilding. 

The work being thus gilt, it is suffered to remain 
about twenty-four hours J when the parts that are 
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designed to be burnished are polished with a dog's 
tooth, or, what is better, with an agate burnisher. 
The gilding must not be quite dry when it is bur- 
nished ; there is a state proper for the purpose^ 
which is only to be known by experience. 



Japanners* Gilding. 

The gilding of japanned work consists in draw-, 
ing with a hair pencil, in gold size, the intended 
ornaments, and afterwards applying gold leaf or 
gold powder. 

The gold size may be prepared in the following 
manner: take of linseed-oil, and of gum animi, 
four ounces. Set the oil to boil in a proper vessel^ 
and then add the gum animi gradually in powder, 
stirring each quantity about in the oil, till it appear 
to be dissolved, and then putting in another, till 
the whole be mixed with the oil. Let the mixture 
continue to boil, till, on taking a small quantity 
out, it appear of a thicker consistence than tar, and 
then strain the whole through a coarse cloth, and 
keep it for use; but it must, when applied, be 
mixed with vermilion and oil of turpentine. 

Having laid on the gold size, and suffered it to 
dry, the gold leaf is applied in the usual way, or if 
it is not wanted to shine so much, gold powder is 
applied, which is made by grinding gold leaf upoii 
a stone with honey, and afterwards washing the 
honey away with water. If the gilding is to be 
varnished over, Dutch gold may be used, or aurum 
musivum may be used instead of real gold powder. 
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To mite on Paper with Letters of Geld. 

Fat soine gum arable into common wiiti^g ink^ 
and write with it in the usual way. When th« 
writing is dry, breathe on it ; the warmth and 
moisture softens the gum, and will cause it to 
fasten on the gold leaf, which may be laid on in 
the usual way, and the superfluous part brushed 
off. Or instead of this, any japanners' size may be 
used. 

To lay Gold upon Wldte Earthen^JVare^ or Glass., 

Procure some japann^rs' gold size, and with it 
^aw yqur design upoQ th^ vessel to be gilt, moi^ 
eiiing the gold size, as you find neceissary, with qi\ 
of turpentine. Set your work in a, clean plac^ to 
dry, for about an hour, and then place it sio ne%r 
the fire that you cpuld but ju^t bear the heat of \% 
with your hand for a few fi^econds. Xi^t it ren^ajin 
there till it feels quite fc^cky or cl^unmy, the«* 
having procured a cushion, and some leaf goldir cn% 
it into slips of the proper size, and lay it on with 9 
little cotton wool. When the gold is aU on, put 
the ware into an pven to be baked for two or three 
hours. 

Glasses, &c. m^ also be gilt by drawing the 
figures with sheU gold mixed with gum Bfabic 9>n4 
a little borax. Then apply sufficient heat to it | 
and, i^tly, burnish it. 

Gilding on Glass or Porcelain^ by Buming^in. 

Dissolve gold in aqua regia, and evaporate the 
acid by heat ; a gold powder will be obtained ; or 
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precipitate {he gold from the solution l>y pieces of 
copper. Lay this gdd on with a strong) solution 
of borax and gum water, and it will be ready for 
buming-in. 



Gilding Metals. 

One method of applying gold upon metals is by 
first cleaning the metal to be gilt ; then gold leaf 
is laid on it, which, by means of rubbing with a 
perished blood stone, and a certain degree of heat» 
are made to adhere. In this manner silver leaf is 
fixed and burnished upon brass, in the making of 
what is C2iled French plate ; and sometimes also 
gold leaf is burnished upon copper and iron. 

Gilding hy Amalgamation is by previously 
forming the gold into a paste, or amalgam, with 
mercury. 

In order to obtain an amalgam of gold and 
mercury, the gold is first to be reduced into thin 
plates or grains, which are heated red-hot, and 
thrown into mercury previously heated, till it be- 
gins to smoke. Upon stirring the mercury witlj 
an iron rod, the gold totally disappears. The pro* 
portion of mercury to gold is generally as six or 
eight to one. 

The method of gilding by amalgamation i^ 
chiefly used for gilding copper, or an sdloy of copr 
per with a sm^l portion of zinc, which more 
readily receives the amalgam, and is also prefer- 
able, on account of its colour, which more resem- 
bles that of gold than the colour of copper. 

When the metal to be gilt is wrought or chased^ 
it oug^t to be previously covered with quick-silver 
before the amalgam is ^pUed^ that this may be 
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easier spread ;. but when the surface of the metal 
is plain, the amalgam may be directly applied to it* 
. The metal required to be gilt is first rubbed over 
with a little aqua-fortis, by which the surfsice is 
cleaned from, any rust or tarnish that might pre- 
vent the union of the two metals. The amalgam, 
being then equally spread over the surface by 
means of a brush, the mercury is evaporated by a 
heat just sufiicient for that purpose; for if it be 
too great, part of the gold may also be expelled, 
and part of it will run together, and leave some of 
the surface of the metal bare. While the mercury 
is evaporating, the piece is to be from time to time 
taken from the fire, that it may be examined ; that 
the amalgam may be spread more equally by 
means of a brush ; that any defective parts of it 
may be again covered, and that the heat may not 
be too suddenly applied to it. When the mercury 
is evaporated, which is known by the surface be- 
coming entirely of a dull yellow colour, the metal 
must then undergo other operations,, by which the 
fine gold colour is given to it. 

First, the gilded piece of metal is rubbed with 
a scratch-bncsh (which is a brush composed of 
brass-wire,) till its surface is made smooth ; then it 
is covered over with a composition called gilding 
"waXy and is again exposed to the fire till the wax 
be burnt off. This wax is composed of bees-wax, 
sometimes mixed with some of the following sub- 
stances, red ochre, verdigris, copper scales, alum^ 
vitriol, borax j but according to Dr. Lewis, the 
saline substances are sufficient, without any wax. - 
By this operation the colour of the gilding is 
heightened j and this effect seems to be produced 
by a perfect dissipation of some mercuiy remain- 
ing after the former operation. 
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The gilt surface is then covered over with a 
saliue composition, consisting^ of nitre, alumv m 
other vitriolic salt, ground together, and mixed 
up into a paste with water or urine. The piece 
of metal thus covered is exposed to a ceifoin de- 
gree oi heat, and then quenched in water. By 
this method its cdiour is further improved^ and 
brought nearer to that of gold. This effect seems 
to be produced by the acid of nitre (which is dis- 
engaged by the sulphuric acid of the alum, during 
the exposure to heat) acting upon any particles^ of 
copper which may happen to lie upon the gUded 
surface. 

I^astly, some artists think that they give ^n ad- 
ditional lustre to their gilt work, by dipping it in 
a liquor prepared by boiling some yellow materials, 
as sulphur, orpiment, or turmeric. The only ad- 
vantage of this operation is, that part of the yeU 
low matter remains in some of the hollows of the 
carved work^ in which the gilding is apt to be 
more imperfect, and to which it gives a rich and 
solid appearance. 

It may here be noticed, that the use of the aqua- 
fortis or nitrous acid, mentioned in the beginning 
of the process, is not, as is generally supposed, 
confined merely to* cleansing the surface of the 
metal to be gilt from rust or tarnish ; but it also 
greatly facilitates the application of the amalgam 
to the surface of that metal, probably in the fol- 
lowing manner : It first dissolves part of the mer- 
cury of the amalgam ; and when this solution is 
applied to the copper, this latter metal having a 
sponger disposition to unite with the nitrous acid 
than the mercury has, precipitates the mercury 
upon its surface, in the same manner as a polished 
piece of iron precipitates upon its surface copper 
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frdtt a solutioh of blue vitriol. When the metal 
to be gilt 18 thus covered over with a thin coat 
of precipitated mercury, it readily receives the 
amalgam. 

On the subject of gilding by amalgamation. Dr. 
Lewis has the following remarks: <« There are 
two principal inconveniencies in this business ; 
one, that the workmen are exposed to the fumes of 
the mercury, and generally, sooner or later^ have 
their health greatly impaired by them : the other, 
the loss of the mercury ; for though part of it is 
fiaid to be detained in the cavities made in the 
chimneys for that purpose, yet the greatest part of 
it is lost. From some trials I have made, it ap- 
peared that both these inconveniencies, particu- 
larly the first and most considerable one, might be 
in a good measure avoided, by means of a ftimace 
of a due constniclion." 

If the communication of a furnace with its chim- 
ney, instead of being over the fire, is made under 
the grate, the ash-pit door, or other apertures be- 
neath the grate^ closed, and the mouth of the fur- 
nace left open, the current of air, which otherwise 
would have entered beneath, enters now at the top, 
and passing down through the grate to the chim- 
ney, carries with it completely both tJie vapour of 
the fiiel, and the fumes of such matters as are 
placed Upon it. The back part of the furnace 
-should be raised a little higher above the fire than 
the fore part, and an iron plate laid over it, that 
the air may enter only at the front where the 
workman stands, who will be thus effectually se- 
tnired from the fumes, and from being incom* 
tnoded by the heat, and at the same time hive full 
liherty of introducing, inspecting, and removing 
the work. 
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« If iudi a ftirkiace is made 6f strong forged (not 
milled) iron plate, it will be sufficiently dundble^ 
The upper end of the chimnej may reach above a 
jfbot and a half higher than the level of the fire $ 
oVer this is to be placed a laige;: tube, leavii^ an 
interval of an inch, or more, all round between it 
and the chimney, and reaching to the height of ten 
or twelve feet ; the higher th^ better. The extern 
nal air, passing up between the chimney and the 
out^ pipe, prevents the latter from being much 
heated, so that the mercurial fumes will condense 
against its ddes into running quicksilver, which 
ifalling down to the bottom, is there catched in a 
hollow rim, formed by turning inwards a portion 
of the lower part, and conveyed by a pipe at one 
side into a proper receiver. 

Gilding Iron or SteeL — In gilding iron or steel 
by means of an amalgam, as the metal has no 
affinity for the mercury, an agent must be em- 
pioyed to dispose the surface to receive the gilding. 
^OT this purpose, a solution of mercury in nitrous 
acrid {aqua fortis,) or what the workmen call quick- 
silver water, is ap|died to the parts intended to 
fee gilded ; the acid, by a stronger affinity, seizes 
on a portion of the iron, and deposits in the place 
of it a thin coating of mercury, which will not 
feftise a union afterwards with the gold amalgatti 
that may be applied; but, by this process, tiie 
sttrfkce of the metal is injured by the nitrous acid, 
and the union of the mercury is very slight, so 
that a bright atjd durable gilding cannot be 

dbtained. 

Jnoffier method. — Sometimes a solution of hkse 
mtriolis applied, with a cstmel's hair pencil, to the 
parts of the steel mtended to be gilt. By a che- 
mical action^ exactly similar to what we hav^ 
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described as taking place when a solution of nitrate 
pf mercury is employed, a thin coating of copper 
is precipitated on the metal. Copper having an 
affinity for mercury, a kind of union may by this 
mews be effected between the amalgam and the 
iron or steel, as the case may be. In whichever 
of these ways the amalgam be brought into union 
with the steel, the surface is injured by the action 
of the acid employed, and still a heat sufficient to 
volatilize the mercury, must be afterwards used. 

Gilding of Iron l^ heat — When the surface is 
polished bright, it must be heated till it becomes 
blue. Gold leaf is then applied to its surface, and 
burnished down. It is then heated again, and 
another layer of gold burnished on it. In this 
manner three or four coats are given, according to 
the strength of the gilding intended. This is a 
more laborious process than the two last, but it is 
not attended with so much risk. 

An improved process for gilding Iron or Steel.— 
This process, which is less known among artists 
than it deserves to be, may prove useful to those 
who have occasion to gild iron or steel. The 
first part of the process consists in pouring over a 
solution of gold in nitro-muriatic acid (aqua regia) 
about twice as much ether, which must be done 
with caution, and in a large vessel. These liquids 
must then be shaken together; as soon as the 
mixture is at rest, the ether will be seen to separate 
itself from the nitro-muriatic acid, and to float on 
the surface. The nitro-muriatic acid becomes 
more transparent, and the ether darker than they 
were before ; the reason of which is, that the 
ether has taken the gold from the acid. The whole 
mixture is then to be poured into a glass funnel, 
the lower aperture of which is small; but this 
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aperture must not be opened till the fluids have 
compleely separated themi^elves from each other. 
It is then to be opened ; by which means the 
liquid whicli has taken the lowest place by its 
greater gravity, viz. the nitro-muriatic acid wiB 
^n off; after which, the aperture is to be shut, 
and tha funnel will then be found to contain 
nothing but ether mixed with the gold, which is 
to be put into well-closed bottles, and preserved 
for use. In order to gild iron or steel, the metal 
'must first be well polished with the finest emery, 
6r rather with the finest crocus martis, or colcothar 
of vitriol, and common brandy. The auriferous 
ether is then to be applied with a small brush ; the 
ether soon evaporates, and the gold remains on the 
surface of the metal. The metal may then be put 
into the fire, ^nd afterwards polished. By means 
of this auriferous ether, all kinds of figures may 
be delineated on iron, by employing a pen, or fine 
briish. It is in this manner, probably, that the 
Sohlinger sabre blades are gilded. 

Instead of ether, the essential oils may be used ; 
such as oil of turpentine, or oil of lavender, which 
will also take gold from its solution. 

Cold Gilding of Silver. ^^Dissolve gold in the 
nitro-muriatic acid, and dip some linen rags in the 
solution ; then burn them, and carefully preserve 
the ashes, which will be very black, and heavier 
than comnion. When any thing is to be gilded, it 
must be previously well burnished ; a piece of 
cork is then to be dipped, first into a solution of. 
salt in water, and. afterwards into the black powder ; 
and the piece, after being rubbed with it, must be 
burnished. This powder is frequently used for 
gilding delicate articles of silver. 

VOL^ II. T 
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QiMng of Brass or Cbfip^*— Fiae iBstFiimeste 
of b^aas, IE order tha^ their 3ur&ce may be kept 
}pnger clean» .may ]be gilded in the following 
mfinner* 

. Provide ^ saturated solution of gold, and haying 
I^Vftporated it to the cc^sistence of oil, suffer it to 
shoot into crystals. These crystals must then be 
4is^olyed in pure water, and the articles to be 
£^(ed being immersed in it, are then to be washed 
\n pure water, and afterwards burnished. This 
process may be repeated several times, till the arti- 
cles have been wdl gilt. A solution of gdd 
crystals is preferred to a mere solution of gold; 
because, in the latter, there is always a portion of 
free acid, which will not i^ tp exercise more o^ 
less action on the surface of the brass or copper, 
;and injure its poHsb* 

Grecian Gilding. — Dissolve some mercury in 
muriatic acid (spirits of 3alts), which will give a 
muriate Of mercury. Mix equal parts of this and 
sal ammoniac, and dissolve them in aqua fortis. 
Put siMXie gold into this, and it will dissolve. 
When this is ajpplied to silver^ it becomes black; 
but by heating, it assumes, the appearance of 
gilding. 

To make Shett-Gold. 

Grind up gold-leaf with honey, in a mortar; 
then wash away the honey with water, and mix 
die gold-powder with gum-water. . This may be 
applied to any article with a camel*s-hair pencilf 
in the same way as any other colour. 
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Wood, paper, &c. are silvered in the same 
manner as gilding is performed, using^ only silver 
instead of gold-leaf. 

To Silver Copper or Brass. 

C^eai^ the metial wi\h ^ija fort^Ss by wafsljiflg i^ 
lightly, and thpn throwipg it into the i¥2rter f pr hy 
sqoqripg it witjii q^lt and t^rtaf i^itl^ a wijra-l^rusbf 
Dissolve some silver iq ^i|^ fortis^ and pint piece? 
of copper into the ^qlution ; this wijji throw down 
the Mlver in a state of ipetallic powder^ I'^f^ip 
^fteen qf twepty grains of this silv^ powd^^ ?tn4 
m\K with it two drac})fpsi of ts^rtar, the ^sffq^ qu^flr 
tity of comipon s^t, add h^f a dr^c^fla of ^upa j 
fifb the articles yath this cpmppsilippi till they ar^ 
perfectly w^tCf then hru^ it o^ apd ppUsh t^^ 
with le^th^r« 

4nother ?p^/^rf.-n-PrefiilHtate i^lyer frpm its §pr 
lution in aqua fortis ^y copper, a^ j^e^pr^ \ tP ^^ 
an ounce qf this sUvpr ad4 cpii^m^i^ $9lt ^^ ^ 
ammoniac, of each two ounc^^ ^4 one fk^hoji 
of corrosive sublimjate; rii^ thiem tPg^th^f^ ^nd 
fnalj^e theip into a paste with water. With thi^ 
copper utens^s of every kind, that have b^en pris-r 
viously boiled with tartar and alum, are rubbed ; 
after which they are made red hot and polished. 

To Silver tlie Dial-plates of Clocks^ Scales of Ba- 
rorneters, <§tr. 

Take half an oijnce pjf silver kise, ad^ thereto 
9Xi oim?e of doubly refined Jiqua fortis j pijt tbeiR 
into an earthen pot, apd plape tbepi pyer a- gentle 
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iSre till all is dissolved, which will happen in about 
five minutes J then take them off, and mix it in a 
pint of clear water; after which, pour it into another 
clean vessel, to free it from grit or sediment ; then 
add a spoonful of common salt, and the acid, which 
has now a green tinge, will immediately let go the 
silver particles, which form themselves into a white 
curd; pour off the acid, and mix the curd with two 
ounces of salt of tartar, half an ounce of whiting, 
and a large spoonful of salt, more or less, accord- 
ing as you find it for strength. Mix it well up to- 
gether, and it is ready for use. 

Having 'well cleared the brass from scratches, 
rub it over with a piece of old hat and rotten-stone, 
to clear it from all greasiness, anji then rub it with 
salt and water with your hand : take a little of the 
before-mentioned composition on your finger, and 
rub it over where the salt has touched, and it will 
adhere to the brass and completely silver it. After 
which, wash it well with water, to take off what 
aqua fortis may remain in the composition; when 
dry, rub it with clean rag, and give it one or two 
coats of varnish, prepared according to the dlrec* 
tions given under the article varnishes. 

This silvering is not durable, but may be improved 
by heating the article, and repeating the operation 
till the covering seems sufficiently thick. 



Silver Flating. 

The coat of silver applied to the surface of the 
copper by the means mentioned above, is very 
thin, and is not durable. A more^ substantial 
method of doing it, is as follows : form small pieces 
of silver and copper, and tie them together with 
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wire, putting a little borax between. The pro- 
portion of diver may be to that of the copper as 
one to twelve. Put them into a white heat, when 
the silver will be firmly fixed to the copper. The 
whole is now made to pass between rollers, till it 
is of the required thickness for manufacturing 
various articles. 

To make French Plate. 

Heat the copper articles intended to be plated, 
and burnish silver-leaf on it, with a burnisher. 

To make Shell Silver. 

Grind up leaf-silver with gum-water or honey ; 
when you have ground it, wash away the gum or 
honey, and use the powder that remains with gum- 
water, or glaire of eggs. This is laid on with a 
hair-pencil. 

To silver Looking Glasses. 

The following apparatus must first be prepared. 

1. A squ^e marble slab, or smooth stone, well 
polished, and ground flat; the larger the better; 
with a frame round it, or a groove cut in its edges» 
to keep the superfluous mercury from running off; 

2. Lead weights, covered with cloth, to keep 
them from scratching the glass; from one pound 
weight to twelve pounds each, according to the 
size of the glass which is laid down. 

3. Rolls of tinfoil. 

4. Quicksilver. 

Cut the tinfoil a little larger than the glass every 
way, and lay it flat upon the stone; and with a 
straight piece of hard wood, about three inches 

t3 
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tei%, stitoke it eVery ^y^ that th6r6 be 118 ct€Mb 
i» m'mkie^ in it* tfe*h drdp a little toert^ufy tipon It, 
And with a pieee (tf dottdti, Wool, Or httir's fool, 
«^fead it all over the foil, so that eVety part liMiy 
fee t^udhed mth the taiercf»ryi llii^n, keeping thfe 
ihitfel^ «lab hfearfy leVel with the horifjon^ poui* thfe 
mercury over the foil j cover it with a fit>e p&per j 
and lay twa weights very near its lowest end or 
side, to keep the ^ass steady, while you draw the 
paper from between the silvered foil and the glass, 
"which must be laid upon the paper. As you draw 
the paper, you must take care that ho air bubbles 
be lefl J for they will always appear, if left in at the 
first You must likewise be sure t5 make the glass 
as clean as possible on the side intended to be sil- 
vered, and have the paper also quite clean ; other- 
.wise, when you have drawn the paper from under 
it, dull white streaks will appear, which are very 
disagreeable* 

After the paper is drawn out, place as many 
weights upon the glass as you conveniently can, 
in order to press out the superfluous mercury, and 
indl&e thfe foil a^ere to the glass. When k has 
laM i»ix <>r ^ven hdufs in this iiituation> raise the 
^onfe about Wo or thi-efe inches at its highest end, 
that as tnuch of the Bterciify inay run off as possi- 
ble j i^ it remain tWo days before you venture to 
lake it »p» But bfeforfe you take the tv^eights off, 
gently brtish the edges of the ^ss, thirt no mer- 
cury may adherfe to them J then take it up, and 
turn it (Urectly 6V^, wrth its fkcfe side downward ; 
but raise it by degrees, that the mercury may not 
drip off too suddenly : for if, when tak^n up, it is 
iihmediately i^ perpendicular, air will get in 
betwfeen the foil and the glass at the top, as the 
mei-cury descends to the bottom j by which me^s^ . 
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if you be not exceedingly careful^ your labour nilt 
be lost. 

Another method^ i^ to slide the glass over the 
fcU, without the assistance of pi^en 

To Silver Gtas$ Globes. 

Take half an ounce of clean lead, and melt it 
with att equal weight of pure tin j then immediately 
add half an ounce of bismuth, and carefully skim 
off the dross; remove the mixture from the fire, 
and, before it grows cold, add five ounces of mer- 
cury, and stir the whole well together j then put 
the fluid anialgam into a clean glass,: and it is fit 
for use. 

When this amalgam is used for foiling or silver- 
ing, let it first be strained through a linen rag ; 
then gently pour some ounces of it into the 
globe intended to be foiled : the mixture should be 
poured into the globe, by means of a glass or paper- 
funnel, reaching almost to the bottom of the globe, 
to prevent its splashing to the sides; the globe 
should then be dexterously inclined every way, 
though very slowly, in order to fasten the silver- 
ing. When this is once done, let the globe rest 
some hours ; repeat the operation^ till at length the 
fluid mass is spread even, and fixed over the whole 
internal surface, as it may be known to be, by 
vifeiidng the globe against the light ; the super- 
fluous amalgam may then be poured out, and the 
outside of the globe cleared^ 

To Silver the Convea: Side qf Glasses for Mirrors^ 

Take an earthen plate, on which pour some pre« 
pared plaster of Paris, mixed with water, of a 

T 4 - 
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proper consirtence; then immediately, before it 
grows too stiffi lAy the glass, with its convex 
side downward, in the middle of the plate, and 
press it until it lies quite close to the plaster; ia 
Which situation let it remain until the plaster be- 
comes quite dry. After which, work a groove with 
your finger, round the outside of the glass, in 
order to let the superfluous mercury rest upon it ; 
then cut the tinfoil to a proper size, and press it 
with the glass into the plaster-mould, in order 
to make it lie close ; after which, cover it with the 
mercury, and, without a paper (as directed for sil- 
vering plain mirrors), slide it over the silvered foil ; 
then place a weight on it, and let it stand two or 
three days, rising it by degrees, that the mercury 
may drip off gradually. 

After this method common window-glass, &c. 
may be silvered. 



To lay Paper Prints on the Inside of Glass Globes^ 

First, cut off all the white part of your impres- 
sion, so that nothing appear but the print ; then 
prepare some strong gum arable water, or size, 
with which you must brush over the face side j 
after which put it into the globe, and with a long 
small stick, on which a camePs-hair pencil is fixed, 
stick it even on ; and by this method you may put 
what number of prints you please into the globe. 
Let them dry about twelve hours; then pour some 
prepared plaster of Paris, either white or tinged, 
whatsoever colour you please, and turn the globe 
easily about, so that eveiy part be covered; pour 
put the superfluous plaster, and it is finished* 
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TINNING. 

Tinning is the art of covering any metal with a 
thin coating of tin. Copper and iron are the me- 
tals most commonly tinned. The use of tinning 
these metals is to prevent them from being cor- 
roded by rust, as tin is not so easily acted upon by 
the air or water as iron and copper are. 

What are commonly called tin-plates, or sheets, 
so much used for utensils of various kinds, are in 
fact iron-plates coated with tin. 

The principal circumstance in the art of tinning, 
is to have the surfaces of the metal to be tinned 
perfectly clean and free from rust, and also that 
the melted tin be perfectly metallic, and not co- 
vered with any ashes or calx of tin* 

Tanning (^Iron. 

When iron-plates are to be tinned, they are first 
scoured, and then put into what is called a pickle, 
which is oil of vitriol diluted with water ; this dis- 
solves the rust or oxyd that was left after scouring, 
and renders the surface perfectly clean. They are 
then again washed and scoured. They are now 
dipped into a vessel full of melted tin, the surface 
of which is covered with fat or oil, to defend it 
fr(m the action of the air. By this means, the iron 
coming into contact with the mdted tin in a 
perfectly metallic state, it comes out completely 
coated. 

When a small quantity of iron only Is to be 
tinned, it is heated, and the tin rubbed on with 
a piece of cloth, or some tow, having first sprinkled 
the iron with some powdered resin^ the use of which 
is to reduce the tin that may be oxydated. Any 
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inflammable substance, as oil, for instance, will have 
in some degree, the same effect ; which is owing to 
their attraction for oxygen. 

The Tinning qfCoppef. 

Sheets of copper may be tinned in the same man* 
ner a^ iron. Copper boilers, saucepans, iind other 
kitcheti utensils, are tinned after they are made* 
They are first scoured j then made hot j and the tin 
rubbed on, as before, with resin'. Nothing ought to 
be used for this purpose but pure grain-tin } but 
lead is frequently mixed with the tin, both to adul- 
terate its quality, and make it lay on more easily; 
but it is a very pernicious practice, and ought to be 
severely reprobated. 

To whiten Brass or Copper by boiling. 

Put the brass or copper into a pipkin with some 
white tartar, alum, and grain-tin, and boil them to- 
gether. The articles will soon become covered 
with a Coating of tin, which, when weD polished, 
will look like silver. It is in this manner that pins, 
and many sorts of buttons, are whitened. 

BRONZING. 

Bronzii^ is colouring plaster, or other bust^ and 
figures^ with metallic powders, in order to make 
them appear as if made of copper or other metals. 
The powders used for this purpose are either fine 
copper-filings, aurum musivum, or copper precipir 
tated from its solution in aqua fortis by iron* Having 
done over the substance to be bronzed with a dark 
grefen cdour, the pr6jeoting parts are touched with 
either isinglass size, japanners' g(dd size, or, in seme 
cases, with drying-oii, or oil-paint ; the powders are 
10 
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then rubbeid 6h^ tsking cane tlmt the projecting 
psirte tecf^v^ iiK^e of tb^ powder than the cavities^ 
to imitate the brightne$d on th(M^ parts of bronze 
which are liable to be rubbed^ 

SOLDERING. 

Soldering is the art of joining two pieces of me- 
tal together, by heating them with a thin piece or 
plate of metal interposed between them. Thus tin 
is a solder for lead; brass, gold, or silver, are sol- 
ders for iron, &c. 

To make iSilver Solder. 

Melt fine silver two parts, brass one part ; do 
not keep them long in fusion, lest the brass fly off 
in fumes. 

Another for coarser Silver. 

Melt four parts of fine silver, and three of brass ; 
throw in a little borax, and pour it out as soon as it 
b melted. 

A Solder for Gold. 

Melt copper one part, fine silver one part, and 
gold two parts ; add a little borax when it is just 
melted^ then pour it out immediately. 

Hie Method (f soldering Gold or Silver. 

After the solder is cast into an ingot, it would 
be more ready for use if your were to draw it into 
small wife, or flat it between two rollers; after that 
cut it into little bits ; then join your work together 
with fine soft iron-wire ; and with a camelVhair 
pencil, dipt in borax finely powdered and well mois- 
tened with water, touch the joint intended to be 
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soldered; placing a little solder upon the joints 
apply it upon a large piece of charcoal, and, with a 
blow-pipe, and lamp, blow upon it the flame until it 
melts the solder. 

To cleanse Silver or Gold after it is soldered. 

Make the silver red hot, and let it cool j then 
boil it in alum-water, in an earthen vessel, and it 
will be as clean as when new. If gold, boil it in 
urine and sal ammoniac. 

A Solder for Lead.. 

Put two parts lead to one part tin : its goodness 
is tried by melting it, and pouring the size of a 
crown-piece upon the table ; if it be good, there 
will arise little bright stars in it. Apply resin when 
you use this solder. 

A Solder for Tin. 

Take four parts of pewter, one 6f tin, and one 
of bismuth j melt them together, and run them 
into narrow thin lengths. 

A Solder for Iron. 

Nothing here is necessary, but good tough brass, 
with borax applied, mixed with water to the con- 
sistence of paste. 



MOULDING AND CASTING. 

The art of taking casts or impressions from 
pieces of sculpture, medals, &c. is of very great 
ipnpqrtarice in the fine arts. 
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In order to procure a copy or cast from any 
figure, bust, medal, &c. it is necessary to obtain a 
mould by pressing upon the thing to be moulded 
or copied, some substance which, when soft, is 
capable of being forced into all the cavities or hol- 
lows of the sculpture. When this mould is <lry and 
hard, sbme substance is poured into it, which will 
fill all the cavities of the mould, and represent the 
form of the original from which the mould was 
taken. 

The particular manner of moulding depends 
upon the form of the subject to be worked upon^ 
When there are no projecting parts but such as 
form a right or a greater angle with the principal 
surface of the body, nothing more is required than 
to cover it over with the substance of which the 
mould is to be formed, taking care to press it well 
into all the cavities of the original, and to take it 
off clean, and without bending. 

The substances used for moulding are various^ 
according to the nature and situation of the sculp* 
ture. If it may be laid horizontally, and will bear to 
be oiled without injury, plaster of Paris maybe advan^ 
tageously employed ; which may be poured over it 
to a convenient thickness, after oiling it, to prevent 
the plaster from sticking. A composition of bee&i 
wax, resin, and pitch, may also be used; which< will 
be a very desirable mould, if many casts are to be 
taken from it. But if the situation of the sculpture 
be perpendicular, so that nothing can be poured 
upon it, then clay, or some similar substance, must 
be used. The best kind of clay for this purpose is 
that used by the sculptors for making their models 
with ; it must be worked to a due consistence^ and 
having spread it out to a size sufficient to cover all 
the surface, it must be sprinkled over with whitings 
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to prevent it from adhering (9 the er^iial. 3^s- 
vax and dougb> or the cfuiq)) of new lt>r$A4> Hiay 
also be used for moulding Si^^^ sm^U fubjefti^ 

When ther^ we under i?Htting? ii\ thp bas relief, 
they must be first filled ^ before it qm h^ nwnld- 
ed, otherwise the mould cpuld n^t be got oflS When 
the casts are taken afterwards, tbpse plftce^ mmst 
be worked out with a proper toQU 

When the model, or originiil subject* IP Qf uro^nd 
form, or projects so much that it cannot be moulded 
in this manner, the mould must be divided ipto 
several parts; and it is frequency ne/cj^sfiry ^o cast 
several parts separately, and afterward? tp join then? 
together. In ^is case, the plaptef p^ust bQ \^V^^ 
pered with wat^ to such 9 <?0P9istpnce, tbftt it ts^ 
be workedlike soft paste, ftud mu^t b? laid or with 
some convenient instnuUeint, cpffipres^ing it §q as 
to make it adapts itself to aU parts qf the surface. 
When the model is sq cwer^ tP ^ convenient thick- 
i^ess, the whol$^ must be left |tt r^st; till tb? plaster is 
set and firin, so as to beaf dividing T^ithout falling 
to pieces, or being liable to be put out of it^ forui 
by any slight violence ; and it mu^t jtbeu be divided 
into pieces, in order to its being t^ken qfffyqvfi th§ 
model, by qjttmg it with a knife with ft vejry thin 
blade ; and bemg divided, mu$t be cftutipusly takep 
oflF, and kept till dry j but it njust be observed? bep 
fore the 8q[>aration of the parts be made, to nptcb 
them across the joints, or Unes of diyifsion, at pro^ 
per distances, th^t they may with easp and certainty 
be properly put togetli^ agpsiin. Tbe ar$ of" pro- 
perly dividing the moulds, in order to make tbenn 
separate from the model, requires more dexterity 
and skill than any other thing in the art of casting, 
and does not admit of rules for the i^P4 advanta- 
geous conduct of it in every casev Where the sub* 
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Ject is <^ a touBd or qpb9roi<JUl fono^ it i? l^e^t to 
divide the HUNild into three p^rte, which will Ibea 
easily come off from the model; qnd the s^upe wfll 
hold good of a cyUnder^ or any regular curve 
figure. 

The mould being thus formed aqd dry» and the 
parts put ti^eth^r, it ipust be first piled* and placed 
in such a position that the hollow may lie upwards^ 
and then filled witli planter mixed with water; and 
when the cast is perfectly ^et s^nd dry* it must be 
taken out of the mouldj »nd repaired when neeea- 
sary> which finishes the operation. 

In larger masses, where there would otherwise 
be a great thickness of tbe plaster* a core may be 
put within the mould, in or4er to produce a hollow 
in the cast, which both saves th^ e;sp0qse of the 
plaster, and renders the C93t lightefi* 

In the same m^nner^ ^ures, busts, &q. mf^y 
be cast of lead, or ^ny pther metal ip the moulds 
of plaster or dfty ; taking pare^ hpwev^, that the 
moulds be perfectly dry j for should there be any 
moisture, the sudden heja^ of the metal would 
convert it into yi^pour, which would produce an 
explosion by its expansioui and blow the m^ted 
metal about* 



To take a Cast in Metql frqm any small Animal^ 
Insects or Vegetable. 

Prepare a bo^c of four boards, sufficiently Ij^rge 
toJiold the animal, in which it mpst be suspended 
by a string ; and the legs, wings, &c. of the i^nimal, 
or the tendrils, leaves, &c. of the vegetable, must 
be sq>arated, and adjusted in their right position 
by a pair of small pincers. A due quantity of 
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plaster of Paris, mixed with talc, must be tempered 
to the prefer consistence with water, and the 
sides of the box oiled. Also a straight piece of 
stick must be put ta the principal part of the 
body, and pieces of wire to the extremities of the 
other parts, in order that they may form, when 
drawn out after the matter of the mould is set 
and firm, proper channels for pouring in the metal, 
and vepts for the air; which otherwise, by the 
rarefaction it would undergo from the heat of the 
metals, would blow it out, or burst the mould. 
In a short time the plaster will set, and become 
bard; when the stick and wires may be drawn 
out^ and the frame or coffin in which the mould 
^vas cast taken away ; and the mould must then be 
put, first, int<> a moderate heat, and, afterwards, 
when it is as dry as can be rendered by that de- 
gree, removed into a greater, which may be gra- 
dually increased, till the whole be red hot. The 
animal of vegetable inclosed in the mould will 
then be burnt to a coal j and may be totally cal- 
cined to ashes^ by blowing for some time into the 
charcoal and passages made for pouring in the 
metal, and giving vent to the air, which will at 
the same time that it destroys the remsdnder of 
the animal or vegetable matter, blow out the ashes. 
The mould must then be suffered to cool gently, 
and will be perfect ; the destruction of the sub- 
stance included in it having produced a corre- 
sponding hollow ; but it may nevertheless be pro- 
per to shake the mould, and turn it upside down, 
as also to blow with the bellows into each of the 
air-vents, in order to free it wholly from any 
remainder of the ashes j or, where there may .be 
an opportunity of filling the hollow with quick- 
silver, it will be found a very effectual method of 
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clearing the cavity, as all dust, ashes, or small 
detached bodies, will necessarily rise to tiie surface 
of the quicksilver, and be poured out With it. 
The mould being thus prepared, it must be heated 
very hot when used, if the cast is to be made 
with copper or brass, but a less degree will serve 
for lead or tin. The metal, being pourfed into the 
mould, must be gently struck, and then suffered 
to rest till it be cold; at which time it must be 
carefully taken from the cast, but without force ; 
for such parts of the matter as appear to adhere 
more strongly must be softened, by soaking in 
water till they be entirely loosened, that none of 
the more delicate parts of the cast may be broken 
off or bent. 

When talc cannot be obtained, plaster alone 
may be used ; but it is apt to be calcined by the 
heat used in burning the animal or vegetable from 
whence the cast is taken, and to become of too 
incoherent and friable a texture. Stourbridge, 
or any other good clay, washed perfectly fine, and 
mixed with an equal part of fine sand, may be 
employed. Pounded pumice-stone, and plaster of 
Paris, in equal quantities, mixed with washed clay 
in. the same proportion, is said to make excellent 
moulds. 



Method of taking a Cast in Plaster from a 
Person^ s Face. 

The person whose likeness is required in plaster 
must lie on his back, and the hair must be tied 
up so that none of it covers the face. Into 
each nostril convey a conical piece of stiff paper 
open at both ends, to allow of breathing. The 
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face is then lightly oiled over in every part with 
salad-CHly to prevent the plaster from sticking to 
the skin. Procure some fresh burnt plaster, and 
mix it with water to a proper consistence for 
pouring. Then pour it by spoonfuls quickly all 
over the face (taking care the eyes are shut), till 
it is entirely covered to the thickness of a quarter 
of an inch. This substance will grow sensibly 
hot, and in a few minutes will be hard. This 
being taken off will form a mould, in which a 
head of clay may be moulded, and therein the 
eyes may be evened, and such other additions 
and corrections may be made as are necessary. 
Then, this second face being anointed with oil, 
a second mould of plaster must be made upon it, 
consisting of two parts joined lengthwise along 
the ridge of the nose ; and in this a cast in plas<- 
ter may be taken, which will be exactly like the 
original. 



To take Casts from Medals. 

In order to take copies of medals, a mould must 
first be ipade j this is genesrally either of plaster of 
Paris, or of melted sulphur. 

After having oiled the surface of the medal 
with a little cotton, or a camel's liair pencil dip- 
ped in oil of olives, put a hoop of jmper round it, 
standing up above the surface of the thickness you 
wish the mould to be. Then take some plaster 
q£ Paris, mix it with water to the consistence of 
cream, and with a brush rub it over the surface of 
the medali to prevent air-holes from appearing; 
then immediately afterwards make it to a sufficient 
thickness, by pouring on more plaster. Let it 
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Stand afcout half an hour, and it will ift that time 
grow so hard, that you inay safely take it oft'; then 
pare it smooth on the back and round the edges 
neatly. It should be dried, if in cold or damp 
weather, before a brisk fire. If you cover the 
face of the mould with fine plaster, a coarser sort 
will do for the back : but no morfe plaster should 
be mixed up at one time than can be used, as it 
will soon get hard, and cannot be softened without 
burning over again. 

Sulphur must not be poured upon silver medals, 
as this will tarnish them. 

To prepare this mould for casting sulphur or 
plaster of Paris in, take half a pint of boiled lin- 
seed oil, and oil of turpentine one ounce, and mix 
them together in a bottle ; when wanted, pour 
the mixture into a plate or saucer, and dip the 
surface of the mould into it ; take the mould out 
again, and when it has sucked in the oil, dip it 
again. ^ Repeat this till the oil b^ns to stagnate ' 
upon it ; then take a little cotton wool, hard rolled 
up, to prevent the oil from sticking to it, ai^ 
wipe it carefully off. Lay it in a dry place for a 
day or two (if longer the better,) and the mould 
will acquire a very hard surfisice from the effect of 
the oil. 

To cast plaster of Paris in this mould, proceed 
with it in the same manner as above directed for 
obtaining the mould itself, firstf oiling th^ mould 
with olive oil. If sulphur casts are required, it 
must be melted in an iron ladle. 

Another method with Isinglass. — Dissolve isin- 
glass in water over the fire ; then, with a hair 
pencil, lay the itielted isinglass over the tiiedal : 
and when you have covered it properly, let it dry. 

u ^ 
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When it is hard, raise the isinglass up with the 
point of a penknife, and it will fly off like horn, 
having a sharp impression of the medal. 

The isinglass may be made of any colour by mix- 
♦ ing the colour with it; or you may breathe on the 
concave side, and lay gold leaf on it, which, by 
shining through, will make it appear like a gold 
medal. But if you wish to imitate a copper medal, 
mix a little carmine with the isinglass, and lay gold 
leaf on as before. 

CEMENTS. 

Cements require to be of various compositions, 
according to the substances to which they are ap- 
plied, and whether they are to be exposed to heat 
and moisture. 

Common Glue. 

Common glue is formed by extracting by boil- 
ing the gelatinous part of cuttings or scraps of 
coajTse leather, or the hides of beasts. It is then 
p<mred out in thin cakes and dried* 

Isinglass Glue. 

Isinglass glue is made by dissolving beaten isin- 

glass in water by boiling, and, having strained it 

through a coarse linen cloth,* evaporating it again, 

o such a consistence, that being cold, the glue will 

be perfectly hard and dry. 

This cement is Improved by dissolving the isin- 
glass in any p^oof spirit by heat, or by adding to it 
when dissolved in water, an equal quantity of spirits 
i>fwine. 
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It is still further improved by adding ta the 
isinglass, previous to its solution in spirits, one- 
third of its weight of gum ammoniac. Expose the 
mixture to a boiling heat, until the isinglass and 
gum are dissolved, and until a drop of the compo- 
sition become stiff instantly as it cools. It will at 
any future time melt with a degree of heat little 
exceeding that of the human body, and, in conse- 
quence of so soon becoming stiffen cooling, forms 
a very valuable cement for many purposes, particu* 
larly for the very nice and delicate one of fixing on 
the antennae, legs, &c. of insects in cabinets of na- 
tural history. The easy melting of this cement is 
no objection to its use in cases where the articles 
themselves may afterwards be exposed to moderate 
heat ; for it owes this property only to the presence 
of the spirit which evaporates soon after it has been 
applied. When used to join broken glass or china, 
the pieces to be joined should be previously warmed. 
Immersion in hot water will give them a sufficient 
degree of heat. Wipe off the water before applying 
the cement, which may be laid on with a pencil ; 
then press the pieces together, binding them with 
a string, or bit of soft wire, if necessary. 

This isinglass glue is far preferable to common 
glue for nice purposes, being much stronger, and 
less liable to be softened either by heat or moisture. 



Parchment Glue. 

Take one pound of shreds of parchment, or vel- 
lum, and boil it in six quarts of water till the quan- 
tity be reduced to one quart ; strain off the fluid 
from the dregs, and then boil it again till it be of 
the consistence of glue. 

u 3 
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Thp same msi,y he doue with glovers* cuttings of 
leather^ whichj are dressed with alum instead of 
beiog tanned; this will make a colourless glue. 



A good Gluejbr Sign-Boards^ or miy thing that 
must stand the Weather. 

Melt common glue with water to a proper con- 
sistence } then add one eighth of boUed linseed oil, 
dropping it inito the glue gently, and stirring it all 
tlie time* 

A very sti'ong glue is made by adding some pow- 
dered idialk to common glue. 

Ajootber that will resist water is made, by adding 
halfa pouiid of common glue to two quarts of 
skiiEtined milk. 



Preparation oflAp Gluey for cementing Papery Silk, 
thin Leathery ^c. 

Take of isin^asis glue and paichraent glue, each 
one ounce ; oi sugar^andy, and gum tragacanth, 
each two drachma ^ add to them an ounce of water, 
and boil the whole together, till the mixture ap- 
pears, when cold, of the proper consistence of glue. 
Tlieu form it into small rolls, or any other figure 
that may be most convenient. 

This glue may be wet with the tongue, and 
rubbed on the edges of the paper, silk, &c. that are 
to be cemented, which will, on their being laid to- 
gether, and suffered to dry, unite as firmly as any 
other part of the substance. 
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Lapland Glue. 

The bows of the Laplanders are con^posed of 
two pieces of wood glued together ; one of them 
of bh-ch, which is flexible, and the other of fir of 
the marshes, which is stiff, in order that the bow 
when bent may not break, and that when unbent 
it may not bend. When these two pieces of wood 
are bent, all the points of contact endeavour to 
disunite themselves, and to prevent this, the Lap- 
landers employ the following cement: they take 
the skins of the largest perches*, and having dried 
them, moisten them in cold water until they are so 
soft that they may be freed from the scales, which 
they throw away. Iliey then put four or five of 
these skins into a rein-deer*s bladder, or they wrap 
them up in the soft bark of jthe birch-tree, in such 
a manner that water cannot touch them, and place 
them thus covered into a pot of boiling w^^ter, with 
a stone above them to keep them at the bottom.. 
When they have bpiled about an hour, they take 
them from the bladder or bark, and they are then 
found to be Soft and viscous. In this state they 
employ them for glueing together the two pieces of 
their bows, which they strongly compress and tie 
up till the glue is well dried. These pieces never 
afterwards separate. 

A Glue from Cfieese. 

Take skimmed-milk cheese, free it from the rind, 
cut it into slices, and boil it in water, stirring it 

* It is probable that eel^kins would answer the same purpose. 

U 4^ 
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with a spoon until it be reduced to a strong glue, 
which does not incorporate with water. Then 
throw away the hot water ; pour cold water over the 
glue, and knead it afterward in warm water, sub- 
jecting it to the same process several times. Put 
the warm glue on a grinding-stone, and knead it 
with quick-lime until you have a good glue. When 
you wish to use this glue you must warm it ; if it 
be employed cold it is not so strong, but it may also 
be used in that manner. This glue is insoluble in 
water as soon as it is dry, and it becomes so in 
forty-eight hours after it has been applied. It may 
be used for glueing wood, and for cementing marble 
and broken stone and earthen-ware. Baits for 
catching fish may also be made of it. Fish are very- 
fond of it, and it resists wat^r. 



Jewellers* Cement. 

In setting precious stones, pieces are sometimes 
broken off by accident. In such cases, they often 
join the pieces so correctly, that an inexperienced 
eye cannot discover the stone to have been broken. 
They employ for this purpose a small piece of gum 
mastich applied between the fragments, which are 
previously heated sufficiently to enable them to 
melt the interposed gum. They are then pressed 
together, to force out the redundant quantity of 
gum. 

Turkey Cement^ for joining Metaky Glass^ S^c. 

Dissolve five or six bits of mastich, as large as 
peas, in as much spirits of wine as will suffice to 
render it liquid ; in another vessel dissolve as much 
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isinglass (which has been previously soaked in 
water till it is swollen and soft,) in brandy or rum, 
as will make two ounces by measure of strong glue, 
and add two small bits of gum galbanum, or am- 
moniacum, which must be rubbed or ground till 
they are dissolved ; then mix ,the wliole with a 
sufficient heat; keep it in a phial stopt, and when 
it is to be used set it in hot water. 

A Cement for broken China^ Glasses, S^c. 

Take quick-lime and white of eggs, ox old thick 
varnish ; grind and temper them well together. 

Drying oil and white lead are also frequently 
used for cementing china and earthen-ware ; but 
this cement requires a long time to dry. Where it 
is not necessary the vessels should endure heat or 
moisture, isinglass glue, with a little tripoli, or 
chalk, is better. The juice of garlic also forms a 
strong cement,^ and the joining can scarcely be 
perceived. 

A Cement for Chemical Glasses that will bear the Fire. 

Mix equal quantities of wheat flour, fine pow- 
dered Venice glass, pulverized chalk, with half the 
quantity of fine brick dust, and a little scraped lint 
in the whites of eggs : this mixture is to be spread 
upon a linen cloth, and applied to the crack of the 
glasses, and should be well dried before they are 
put into the fire. 

A Cement tisejiilfor Turners. 

Take resin, one pound; pitch, four ounces: 
melt these together, and, while boiling hot, add 
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brick-dust, until, by dropping a little upon a sbMei 
you perceive it hard- enough j then pour it into 
water, and immediately make it up in rolls, and it 
is fit for use. 

Another^ Jlner.'^Taike resin, one ounce; pitch, 
two ounces J add red ochre, finely powdered, until 
you perceive it strong enough. Sometimes a small 
quantity of tallow is used, according to the heat of 
the weather, more being necessary in winter than 
in summer. 

Either of these cements is of excellent use for 
turners. By applying it to the side of a chuck, 
and making it warm before the fire, you may fasten 
any thin piece of wood, which will hold while you 
tym it ; when you want it off again, strike it on 
the top with your tool, and it will drop off imme- 
diately. 



A strong Cerrtentjbr Electrical Purposes. 

Melt one pound of resin in a pot or pan, over a 
slow fire ; add to it as much plaster of Paris, in 
fine poWder, as will make it hard enough, then add 
a spoonful of linseed-oil, stirring it all the while, 
and try if it be hard and tough enough for your 
purpose ; if it is not sufficiently hard, . add more 
plaster of Paris j and if not tough enough, a little 
more linseed-oil. 

This is a very good cement for fixing the necks 
of globes or cylinders of electrical machines, 
or any thing else that requires to be strongly 
fixed. 

Another, softer. — Take resin, one pound; bees- 
wax, one ounce ; add to it as much red-ochre as 
will make it of sufficient stiffness ; pour it into 

10 
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water, and make it into rolls. This cement is 
usefal for cementing hoops on glasses, or any other 
mounting of electrical apparatus. 



A Cement for Glass^Grinders. 

Take pitch, and boil it ; add to it sifled-wood 
ashes, and keqp stirring it all the while, until you 
have it of a proper temper: the addition of a 
little tallow may be added, as you iind necessary. 

Armiherjfor small work. — To four ounces of 
resin add one-fourth of an ounce o£ bees-wax, and 
four ounces of whiting, made previously red hot 
and melt them together. The whiting should be 
put in while hot, that it may not have time to im- 
bibe moisture from the atmosphere. 

Shell-lac is a very strong cement for holding 
metals, glass, or precious stones, while cutting, 
tuniii^, or grinding them. The metal, &c. should 
be warmed, to melt it. For fastening ruby cylin- 
ders in watches, and similar delicate purposes, shell* 
lac is excellent. 



To solder or cement broken Glass. 

Broken glass may be soldered or cemented in 
such a manner as to be as strong as ever, by inter- 
posing between the parts, glass ground up like a 
pigment, but of easier fusion than the pieces to be 
joined, and then exposing them to such a heat as 
will fuse the cementing ingredient, and make the 
pieces agglutiiiate without being themselves fused. 

A glass for the purpose of cementing broken 
pieces of flint glass, may be made by fusing some of 
the same kind of glass previously reduced to 
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powder, along with a little red-lead and borax, or 
with the borax only. 

Cement for Derbyshire Spar and other Stones. 

A cement for this purpose may be made with 
about seven or eight parts of resin and one of bees- 
wax, melted together with a small quantity of 
plaster of Paris. If it is wished to make the ce- 
ment fill up the place of any small chips that may 
have been lost, the quantity of plaster must be in- 
creased a Uttle. When the ingredients are well 
mixed, and the whole is nearly cold, the ma^s 
should be well kneaded together. The pieces 
of spar that aref to be joined must be heated 
until they will melt the cement, and then pressed 
together, some of the cement being previously 
interposed. 

Melted sulphur applied to fragments of stones 
previously heated by placing them before a fire, 
to at least the melting point of sulphur, and then 
joined with the sulphur between, makes a pretty 
firm and durable joining. ^ 

Little deficiencies in the stone, as chips out of 
corners, &c. may also be filled up with melted 
sulphur, in which some of the powder of the stone 
has been melted. 



A Cement that will stand against boiling Water ^ and 
even bear a considerable Pressure of Steam. 

In joining the flanches of iron cylinders, and 
other parts of hydraulic and steam engines, great 
inconvenience is often experienced from tlie want 
of a durable cement. 
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Boiled linseed-oil, litharge, red and white lead, 
mixed together to a propier consistence, and ap- 
plied on each side of a piece of flannel previously- 
shaped to fit the joint, and then interposed be- 
tween the pieces before they are brought home 
(as the workmen term it) to their place by the 
screws or other fastenings employed, make a close 
and durable joint. 

The quantities of the ingredients may be varied 
without inconvenience, only taking care not to 
make the mass too thin with oil. It is difficult in 
many cases instantly to make a good fitting of large 
pieces of iron work, which renders it necessary 
sometimes to join and separate the pieces repeated- 
ly, before a proper adjustihent is obtained. When 
this is expected, the white-lead ought to predomi- 
nate in the mixture, as it dries much slower thari 
the red. A workman, knowing this fact, can be at 
little loss in exercising his own discretion in re- 
gulating the quantities. It is safest to err on the 
side of the white-leadj as the durability of the 
cement is no way injured thereby, only a longer 
time is required for it to diy and harden. 

When the fittings will not admit easily of so 
thick a substance as fiannel being interposed, 
linen may be substituted, or even paper or thin 
pasteboard. 

This cement answers well also for joining broken 
stones, however large. Cisterns built of square 
stones, put together with this cement, will never 
leak or want any. repairs. In this case the stones 
need not be entirely bedded in it : an inch, or 
even less, of the edges that are to lie next the 
water, need only be so treated; the rest of the 
jpint may be filled with ^od lime. 
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Aiiother Cement that will stand the Action qfBoiUng 
Water and Steam* 

This cement, which is preferable even to the 
former for steam-engines, is prepared as follows. 

Take two ounces of sal ammoniac, one ounce 
of flowers of sulphur, and sixteen ounces of cast 
iron filings or borings. Mix all well together by 
rubbing them in a mortar, and keep the powder 
dry. 

When the cement is wanted for use, take one 
part of the above powder and twenty parts of 
clean iron borings or filings, and blend them inti- 
mately by grinding them in a mortar. Wet the 
compound with water, and when brought to a con- 
venient consistence, apply it to the joints with a 
wooden or blunt iron spatula. 

By a play of aflSnities, which those who are at 
^11 acquainted with chemistry will be at no loss 
to comprehend, a degree of action and re-action 
takes place a.mong the ingredients, and between 
them and the iron surfaces, which at last causes 
the whole to unite as one mass. In fact, aftei' a 
time, the iliixture and the surfaces of the flanches 
become a species of pyrites, holding a very large 
proportion of iron, all the parts of which cohere 
strongly together. 

Blood Cement. 

A cement often used by copper-smiths to lay 
over the rivets and edges of the sheets of copper 
in large boilers^ to serve as an additional security 
to the joinings, and to secure cocks, &c. from 
leaking, is made by mixing ppunded quick-lime 
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with ox's blood. It must b& applied fresh made^ 
as it soon gets hard. 

We believe if the properties of this cement were 
duly investigated, it would be found useful for many 
purposes to which it has never yet been applied* 
It is extremely cheap, and very durable. 

Flour Paste. 

Flour paste for cementing is formed principally 
©f wheaten flour boiled in water till it be of a glu- 
tinous or viscid consistence. 

It may be prepared of theSe ingredients simply 
for common purposes, but when it is used by book- 
binders, or for paper hangings, it is usual to mix 
with the flour a fifth or sixth of its weight of 
powdered alum ; and where it is wanted still more 
tenacious, gum arabic, or any kind of size, may be 
added. 

Japanese Cement, or Rice Glue. 

This elegant cement is made by mixing rice 
flour intimately with cold water, and then gently 
boiling it. It is beautifully white, and dries 
almost transparent. Papers pasted together by 
means of this cement will sooner separate in their 
own substance than at the joining, which makes 
it extremely useful in the preparation of curious 
paper articles,' as tea trays, ladies* dressing boxes, 
and other articles which require layers of paper 
to be cemented together* It is in every respect 
preferable to common paste made with wheat 
flour, for almost every purpose to which that 
article is usually applied. It answers well ki par- 
ticular, for pasting into books the copies of writings 
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taken off by'copyiqg machines on unsized silver 
paper. 

With this composition, made with a small quan- 
tity of water, that it may have a consistence simi- 
lar to plastic clay, models, busts, statues, basso 
relievos, and the like, may be formed. When dry, 
the articles made of it are susceptible of a high 
polish ; they are also very durable. 

The Japanese make quadrille fish of this sub- 
stance, which so nearly resemble those made of 
mother of pearl, that the officers of our East India- 
men are often imposed upon. 

Of Sizes. 

Common size is manufactured in the same man- 
ner, and generally by the same people, as glue. 
It is indeed glue left in a moister state, by discon- 
tinuing the evaporation before it is brought to 
a dry consistence, and, therefore, further par- 
ticulars respecting the manufacture of it are 
needless here. 

Isinglass size may also be prepared in the man- 
ner above directed for the glue, by increasing the 
proportion of the water for dissolving it. And the 
same holds good of parchment size. 

LUTES. , 

In many chemical operations the vessels must 
be covered with something to preserve them from 
the violence of the fire, from being broken or 
melted, and also to close exactly their joinings 
to each other, in order to retain the substances 
which they contain, when they are volatile and 
reduced to vapour. 
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The coating us^ for retorte, &c. to defend 
them from the action of the fire, is usually com- 
posed of nearly equal parts of coarse sand and re- 
fractory clay. These matters ought to be well 
mixed with water and a little hair, so as to form 
a liquid paste* with which the vessels are covered 
layer upon layer, till it is of the required thick- 
ness. The sand, mixed with the clay, is necessary 
to prevent the cracks which are occasioned by the 
contracting of the clay during its drying, which 
it always does when pure. The hair serves dso 
to bind the parts of the lute, and to keep it ap- 
plied to the vessel j for, notwithstanding the sand 
which is introduced into it, some cracks are al- 
wajrs formed, which would occasion pieces of it to 
fall off. 

The lutes with which the joinings of vessels are 
closed are of different kinds, according to the nature 
of the operations to be made, and of the substances 
to be distilled in these vessels. 

When vapours of watery liquors, and such as are 
not corrosive, are to be contained, it is sufficient to 
surround the joining of the receiver to the nose of 
the alembic, or of the retort, with slips of paper, or 
linen, covered with flour paste. In such cases, 
also, slips of wet bladder are very conveniently 
used. 

When more penetrating and dissolving vapours 
are to be contained, a lute is to be employed of 
quick-lime slacked in air, and beaten into a liquid 
paste with whites of eggs. This paste is to be 
spread upon linen slips, which are to be applied 
exactly to the joining of the vessels. This lute is 
very convenient, easily dries, becomes solid, and 
sufficientlv firm. 

VOL. II. ' X . 
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Lastly, when saline acids» and corrosive vapours 
are to be contained, we must then have recourse to 
the lute called fat lute. This lute is made by form- 
ing into a paste some dried clay, finely powdered, 
sifled through a silken search, and moistened with 
water; and then, by beating this paste well in a 
mortar, with boiled linseed oil, that is, oil which 
has been rendered dry by litharge dissolved in it, 
this lute easily takes and retains the form given to 
it. It is generally rolled into cylinders of a conve*. 
nient size. These are to be applied, by flattening 
them to the joinings of the vessels, which ought to 
be perfectly dry; because the least moisture would 
prevent the lute from adhering. When the joinings 
are closed with this ikt lute, the whole is to be 
covered with slips of linen, spread with lute of 
lime and whites of eggs. These slips are to be 
fastened with packthread. The second lute is ne- 
cessary to keep on the fat lute, because the latter 
remains soft, and does not become solid enough to 
Stick on alone. 



INK-MAKING. 

Inks are fluid compounds, intended to form 
characters, or some other kinds of figures, on proper 
grounds of paper, parchment, or such other sub- 
statice as may be fit to receive them. 

There are two principal kinds of ink, writing 
aiid printing ink. - 

Writing Ink. 

When to an infusion of gall-nuts some solution 
of sulphate of iron (green copperas) is added, a very 
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dark blue precipitate takes place. This pred^tate 
is the gallic acid of the galls united to the iron of 
the green vitriol, forming gaUat of irotif which is 
the basis of writing ink. If galls and sulphate of 
iron only were used, the precipitate would fall 
down, leaving the water colouiiess j and, in order 
to keep it suspended in the water, forming a per- 
m^ently black, or rather very dark blue fluid, gum 
arabic is added, which, by its viscid nature, pre« 
vents the precipitate from falling down. 

Various receipts have been given for the compo* 
sition of writing ink, but very few have been 
founded upon a knowledge of its real nature. 
Though so important an article, it is but lately that 
it has been studied with any attention ; and eveil 
still, the principles and theory of its formation do 
not appear to be so thoroughly understood as might 
be wished. The receipt given by M. Ribancourt 
is as follows: Take eight ounces of Aleppo galls, 
in coarse powder; four ounces of logwood, in thin 
chips ; four ounces of sulphate of iron (green cop- 
peras); three ounces of gum arable, in powder; 
one ounce of sulphate of copper (blue vitriol) ; and 
one ounce of sugar-candy. Boil the galls and log- 
wood together in twelve pounds of water for one 
hour, or till half the liquid has been evaporated. 
Strain the decoction through a hair sieve, or linen 
cloth, and then add the other ingredients. Stir the 
mixture till the whole is dissolved, more especially 
the gum ; after which, leave it to subside for 
twenty-four hours. Tlien decant the ink, and pre- 
serve it in bottles of glass or stone-ware, well corked. 

Red writing ink is made in the following manner : 
Take of the raspings of Brazil wood a quarter of a 
poundr and infuse them two or three days in vine- 
gar. Boil the infusion for an hour over a gentle 
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fire, md afterwards: filter it while hot. Put it again 
over the fire, and dissolve in it, first, half an ounce - 
of gum arable, and afterwards of alum and white 
sugar, each half an ounce. 

Printing Ink. 

. Printersi^ ink is a black paint composed of lamp- 
black and linseed or suet oil boiled, so as to acquire 
considerable consistence and tenacity. The art of 
preparing it is kept a secret; but the obtaining good 
lamp-black appears to be the chief difficulty in 
making it. 

. The ink used by copper-plate printers, difiers 
from the last only in the oil not being so much 
boiled, and the black which is used being Frank- 
fort black. 

Sympathetic Inks. 

Sympathetic inks are such as do not appear 
immediately after they are written with, but which 
may be made to appear at pleasure, by certain 
means. A variety of substances have been used 
for this purpose. We shall describe the best 
of them. 

1. Dissolve some sugar of lead in water, and 
write with the solution. When dry, no writing 
will be visible. When you want to make it appear, 
wet the paper with a solution of alcaline sulphuret 
(liver of sulphur), and the letters will immediately 
appear of a brown colour. Even exposing the 
writing to the vapours of these solutions will render 
it apparent. 

2. Write with a solution of gold in aqua regia, 
and let the paper dry gently in the shade. Nothing 
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will be seen ; but draw a sponge over it, wetted 
with a solutipn of tin in aqua regia; the writing 
will immediately appear of a purple colour. 

3. Write with an infusion of galls, and when 
you wish the writing to appear, dip it into a 
solution of green vitriol ; the letters wUl be black. 

4. Write with diluted sulphuric acid, and nothing 
will be visible. To render it so, hold it to the fire, 
and the letters will instantly appear black. 

5. Jiiice of lemons, or onions, a solution of sal 
ammoniac, green vitriol, &c. will answer the same 
purpose, though not so easily, or with so little 
heat. . 

6. Green sympathetic ink. Dissolve 'cobalt in 
nitro muriatic acid, and write with the solution. 
The letters will be invisible till held to the fire, 
when they will appear green, and will disappear 
completely again when removed into the cold* In 
this manner they may be made to appear and dis- 
appear at pleasure. 

A very pleasant experiment of this kind is to 
make a drawing representing a winter scene, in 
which the trees appear void of leaves, and to put 
the leaves on with this sympathetic ink; then, 
upon holding the drawing near to the fire, the 
leaves will begin to appear in all the verdure of 
spring, an^i will very much surprise those who are 
not in the secret. 

7. Blue sympathetic ink. Dissolve cobalt in 
nitric acid; precipitate the cobalt by potash; 
dissolve this precipitated oxyd of cobalt in acetic 
acid, and add to the solution one-eighth of com- 
mon salt. 

This will form a sympathetic ink, that, when 
cold, will be invisible, but will appear blue by heat. 

X 3 
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REMOVING STAINS. 

Tq remove Ink Stains. 

The stains of ink on cloth, paper, or wood, may 
be removed by almost all acids; but those acids 
are to be preferred which are least likely to injure 
the texture of the stained substance. The muriatic 
acid, diluted with five or six times its weight of 
water, may be applied to the spot, and, after a 
minute or two, may be washed off, repeating the 
application as often as may be found necessary* 
But the vegetable acids are attended with less risk, 
and are equally effectual. A solution of the oxalic, 
citric (acid of lemons), or tartareous acids, in water, 
maybe applied to the most delicate fabrics witliout 
any danger of injuring them ; and the same solu- 
tions will discharge writing, but not printing ink. 
Hence they may be employed in cleaning books 
which have been defaced by writing on the margin, 
without impairing the text Lemon-juice, and the 
juice of sorrels, will also remove ink stains, but notso 
easily as the concrete acid of lemons, or citric acid* 

To remove Iron Stains. 

These may be occasioned either by ink stains, 
which, on the application of the soap, are changed 
into iron stains, or by the direct contact of rusted 
iron. They may be removed by diluted muriatic 
acid, or by one of the vegetable acids, already men- 
tioned. When suffered to remain long on cloth, 
they become extremely difficult to take out, because 
the iron, by repeated moistening with water, and 
exposure to the air, stcquires such an addition of 
oxygen, as renders it insoluble in acids. It |ias 
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been founds however, that even these spots, may be 
discharged, by applying first a solution of an alca- 
line sulphuret, which must be well washed from 
the cloth, and afterwards a liquid acid. The sul- 
phuret, in this case, extracts part of the oxygen 
from the iron, and renders it soluble in diluted 
acids. 

To remove the Stains qf Fruit and Wine. 

These are best removed by a watery solution of 
tlie oxygenated muriatic acid, or by that of oxygen- 
ated muriate of pot^h or lime, to which a little 
sulphuric acid has been added. The stained spots 
may be steeped in one of these solutions till it is 
discharged ; but the solution can only be applied 
with safety to white goods, because the uncombined 
oxygenated acid discbarges all printed and dyed 
colours. A convenient mode of applying the oxy- 
genated acid, easily practicable by persons who 
have not the apparatus ibr saturating water with 
the gas, is as follows: i^ut about a table-spoonful of 
muriatic acid (spirit of salt) into a tea-cup, and add 
to it about a tea-spoonful of powdered manganese; 
then set this cup in a larger one filled with hot 
water ; moisten the stained apot with water, and 
expose it to the fumes that arise from the tea-cup. 
If the exposure be continued a sufficient length of 
time, the stain will disappear. 

To remove Spots qf Grease from Cloth. 

Spots of grease may be removed by a diluted 
solution of potash ; but this must be cautiously 
applied, to prevent injury to the cloth. Stains 
of white wax, which sometimes fall upon the 
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clothes from wax candles, are removable by spirits 
of turpentine, or sulphuric ether. The marks of 
white paint may also be discharged by the last- 
mentioned agents. 



To take Spots qf Grease out of Books, Prints^ or 
Paper. 

After having gently warmed the paper thatis 
stained with grease, wax, oil, or any other fat 
body, take out as much as possible of it by means 
of blotting paper ; then dip a small brush in the 
essential oil of turpentine, heated almost to ebul- 
lition (for when cold it acts only very weakly), 
and draw it gently over both sides of the paper, 
which must be carefully kept warm. This oper- 
ation must be repeated as many times as the 
quantity of the fat body imbibed by the paper, or 
the thickness^ of the paper, may render necessary. 
When the greasy substance is entirely removed, 
recourse may be had to the following method to 
restore the paper to its former whiteness, which is 
not completely restored by the first process. Dip 
another brash in highly rectified spirit of wine, 
and draw it in like manner over the place which 
was stained, and particularly round the edges, to 
remove the border that would still present a stain. 
By employing these means with proper caution, 
the spot will totally disappear, the paper will re- 
sume its original whiteness, and if the process has 
been employed on a part written on with common 
ink, or printed with printer's ink, it will experience 
no alteration. 
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OF STAINING WOOD. 

To stain Wood Yellow. 

Take any white wood, and brush it over several 
times with the tincture of turmeric root, made by 
putting an ounce of turmeric, ground to powder, 
to a pint of spirit, aod after they have stood for 
some days, straining off the tincture. If the yel- 
low colour be desired to have a reddish cast, a 
little dragon's blood must be added. 

A cheaper, but less strong and bright yellow, 
is, by the tincture of French berries made boiling 
hot. 

Wood may also be stained yellow by means of 
aqua fortis, which will sometimes produce a very 
beautiful yellow colour, but at other times a 
browner. Care must be taken, however, that the 
aqua fortis' be not too strong, otherwise a blackish 
colour will be the result. 

To stain Wood Red. 

For a bright red stain for wood, make a strong 
infusion of Brazil wood in stale urine, or water 
impregnated with pearl-ashes, in the proportion of 
an ounce to a gallon ; to a gallon of either of 
which, the proportion of Brazil wood must be a 
pound, which being put to them, they must stand 
together for two or three days, often stirring the 
mixture. With this infusion strained, and made 
boiling hot, brush over the wood to be stained 
till it appear strongly coloured j then, while yet 
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wet, brush it over with alum-water made in the 
proportion of two ounces of alum to a quart of 
water. 

For a less bright red, dissolve an ounce of dra- 
gon's blood in a pint of spirits of wine, and brush 
over the wood with the tincture till the stain appear 
to be as strong as is desii^ed ; but this is, in fact, 
rather lacquering than staining. 

JFor a pink or rose red, add to a gallon of the 
above infusion of Brazil wood two additional 
ounces of the pearl-ashes, and use it as was before 
directed : but it is necessary, in this case, to brush 
the wood over with the alum-water. By increasing 
the proportion of pearl-ashes, the red may be 
rendered yet paler j but it is proper, when more 
than this quantity is added, to make the alum-water 
stronger. 

To stain Wood Blue. 

Wood may be stained blue by means either of 
copper or indigo. 

The method of staining blue with copper is as 
follows : Make a solution of copper in aqua forti^, 
and brush it w^hile hot several times over the 
wood} then make a solution of pearl-ashes in 
the proportion of two ounces to a pint of water, 
and brush it hot over the wood stained with the 
solution of copper, till it be pf a perfectly blue 
colour. 

To stain Wood Green. 

Dissolve verdigrease in vinegar, or crystals of 
verdigrease in water, and with the hot solution 
brush over the wood till it be duly stained. 

10 
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To $tain Wood Purple. 

Brush the wood to be stained several times with 
a strong decoction of logwood and Brazil, made 
in the proportion of one pound of the logwood 
and a quarter of a pound of the Brazil to a gallon 
of water, and boiled for an hour or more. When 
the wood has been brushed over till there be a 
sufficient body of colour, let it dry, and then be 
slightly passed over by a solution of one drachm 
of pearl-ashes in a quart of water. This solution 
must be carefully used, as it will, gradually change 
the colour from a brown red, which it will be 
originally found to be, to a dark blue purple, and 
therefore its effect must be restrained to the due 
point for producing the colour desired. 

To stain Wood a Mahogany Colour. 

The substances used for staining mahogany 
colour are madder, Brazil wood, and logwood j 
each of which produce reddish brown Stains, and 
they must be mixed together in such proportions 
as will produce the tint required. 

To stain Wood Black. 

Brush the wood several times over with a hot 
decoction of logwood. Then having prepared an 
infusion of galls by putting a quarter of a pound of 
powdered galls to two quarts of water, and setting 
them in the sunshine, or any other gentle heat, 
for three* or four days, brush the wood over three 
or four times with it, and it will be of a beautiful 
black. It may be polished with a hard brush and 
shoemakers' black wax. 
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STAINING IVORY. 

To stain Ivory Green. 

Dissolve Bome copper or verdigrease in nitxous 
acid, and soak the ivory in it. 

To stain Ivory Yellow. 

Put a quarter of a pound of alum in a pint of 
water, boil the ivory in the solution; then boil 
it in a decoction of turmeric. 

To stain Ivory Blue. 

Boil it in the sulphate of indigo, and after- 
wards in a solution of three ounces of white tar- 
tar in a quart of water. Or it may be first stained 
green, and then dipped into a solution of pearl- 
ashes, made strong and boiling hot. 

To stain Ivory Purple. 

Put into nitrous acid one fourth of its weight 
of sal ammoniac; soak the ivory in it. 



MISCELLANEOUS. 

To make Phosphorus. 

Phosphorus was formerly prepared from urine, 
and was therefore c^Xl^ii phosphorus of urine ; but 
it is exactly the same substance, from whatever 
materials it is procured. The following is a pro- 
cess for procuring it from bones, which consist 
chiefly of lime, combined with the phosphoric acid. 
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Take a quantity of bones ; burn them to white- 
ness in an open fire, and reduce them to a fine 
powder. Upon three pounds of this powder, after 
having been put into a matrass, pour two pounds 
of concentrated sulphuric acid of commerce; four 
or five pounds of water must be afterwards added by 
degrees, to assist the action of the acid. During 
the process, the operator must place himself and 
the vessel so that the fumes of the mixture may 
be blown from him. The whole is then to be left 
in a sand-bath for about twelve hours, or more, 
taking care to supply the loss of water which 
happens by evaporation. The next day, a large 
quantity of water must be added; the clear liquor 
must be decanted, and the rest strained through a 
cloth or sieve. The residuary matter is to be 
washed by repeated afiiisions of hot water till it 
passes tasteless. The water which has been used 
to wash out the adhering acid is mixed with the 
decanted or strained liquor, and the whole fluid is 
gradually evaporated in a flat earthen bason to the 
consistence of a syrup. It is then mixed with an 
equal weight of charcoal powder, and submitted to 
distillation in an iron or earthen retort. Instead 
of using a receiver, the neck of the retort may be 
immersed in a bason of water, to a small depth, 
and the phosphorus, as it comes over, will fall in 
drops to the bottom. 

Phosphorus made in this manner is blackish and 
dirty; it is purified by a second distillation. It 
may also be prepared from ur'me by the following 
method. 

Dissdve as much lead in the nitric acid as it 
will act upon, and the solution will be nitrate of 
lead. Pour this into a quantity of urine, and a 
precipitate will be formed. When no more pre- 
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cipitate falls down by the addition of the solution, 
suffer the whole to stand undisturbed till it has 
all subsided, and then pour off the clear fluid* 
Make this precipitate into a paste with charcoal 
finely pounded, and dry it in an earthen pan gra- 
dually. Then put the mass into an iron or 
earthen retort, and distil it. The phosphorus 
will come over, and may be collected imder 
water. 



To make Cantpn^s Phosphorus. 

Take some oyster-shells ; calcine them, by 
keeping them in a good fire for about an hour. 
Select out of the calcined shells the purest and 
whitest parts, and pound and sifl them. To 
three parts of this lime add one of flowers of 
sulphur ; mix them well together, and put them, 
well pressed, into a crucible. Place it in a good 
fire, where it must be kept red hot for an hour 
at least ; it may then be taken out to cooL When 
it is cold, break the mass to pieces, and select out 
of it the brightest part, which will shine in the 
dark. 

A beautiful representation of the telescopic 
appearance of one of the planets may be made 
by means of this. Cut out in paper the shape of 
the planet, such as a half moon, Saturn and his 
ring, &c., and cover it over with strong gum water; 
then strew some of this phosphorus, finely pow- 
dered, over the surface. When you want to 
exhibit it in the dark, you must previously expose 
it for a few minutes to the light of an Argand's 
lamp ; or, what is better, make the flash from the 
discharge of a large electrical jar, or battery, pass 
over its surface, and it immediately becomes 
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luminous^ and exhibits a very exact resemblaiice 
of the planet. 

To make Phosphoric OH* 

Put one part of phosphorus into six of olive-oil, 
and digest them over a sand heat. The phosphorus 
will dissolve. It must be kept well corked* 

This oil has the property of being very luminous 
in the dark, and yet it has not sufficient heat to 
bum any thing. If rubbed on the face and hands, 
taking care to shut the eyes, the appearance is 
most hideously frightful; all the parts with which 
it has been rubbed appear to be covered with a 
very luminous lambent flame of a bluish colour, 
and the mouth and eyes appear in it as black spots. 
There is no danger attending this experiment. 
The light of it is sufficient to show the hour of the 
night on a watch, by holding it close to the bottle 
when it is unstopped. 

To make Phosphorated Lime* 

Put a few grains of phosphorus into the bottom 
of a Florence flask, and fill it up with quick-lime. 
Place it over a lamp till the phosphorus has sub- 
limed, and is thoroughly mixed with the lime. If 
any of this lime be thrown out in the dark, it has 
the appearance of a shower of fire, but cannot burn 
any thing, as the quantity of phosphorus is too 
small to produce any sensible heat« 



To make a Phosphoric Fire Bottle. 

Take a very small phial, and piit^into it a bit 
af phosphorus as large as a pea, and fill up th^ 
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bottle with lime. Fix an iron vessel, as a shovel, 
for instance, with common sand, and put it over 
the ^e. Set the phial in thi^ sand, having loosely 
stopped it with a cork. Stir about the ingredients 
with a wire, and mix them together ; taking care 
that the phosphorus does not catch fire by too 
great an access of air. Keep the bottle in the 
sand till the phosphorus is thoroughly incorpor- 
ated with the lime, when it will be of a reddish 
yellow. 

This bottle is extremely convenient for pro- 
curing an instantaneous light in the dark. For 
this purpose, nothing more is necessary than to 
uncork the bottle, and to introduce a brimstone 
match, stirring it about a little, by which it will 
catch fire and light. 

The bottle must be always kept carefully cork- 
ed, and opened as seldom as possible. 

A more durable kind may be made by uniting 
together one part of sulphur with eight of phos- 
phorus. When this is used, a match is introduced 
into it, and then rubbed upon a bit of cork. 



To make Phosphuret of Lime. 

Put half an ounce of phosphorus, cut into 
small bits, into a glass tube about a foot long, 
and half an inch in diameter, closed at one end. 
Fill up with quick-lime grossly powdered, and 
stop the mouth of the tube loosely. Heat that 
part of the tube which contains the lime over a 
chafing-dish, till it be red hot; and then apply 
thie heat of a lamp to the part containing the 
phosphorus, which will sublime, and mix with the 
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lime. When cooled, the mixture will be a reddish 
mass. 

If phosphuret of lime be dropped into water, 
air bubbles will be disengaged, which, on bursting 
at the top, will inflame with small explosions. 
They consist of phosphorated hydrc^en gas. 



To make Fulminating Powder. 

Triturate in a warm mortar three parts, by 
weight, of nitre, two of mild vegetable alkali (car- 
bonate of potash), and one of flowers of sulphur. 
A few grains of this laid upon a knife, and held 
over the candle, first fuses, and then explodes with 
a loud report. A drachm of it put into a shovel, 
and held over the fire, makes a noise as loud as a 
cannon, and indents the shovel as if it had received 
a violent blow. 



To make Fulminating Mercury. 

Dissolve 100 grains of mercury with heat, in 
a measured ounce and a half of nitric acid. .This 
solution being poured cold upon two measured 
ounces of alkohol, previously introduced into any 
convenient glass vessel, a moderate heat is to be 
applied till efiervescence is excited! A white 
Aime then begins to undulate on the surface of the 
liquor, and the powder will be gradually precipi- 
tated on the cessation of action. The precipitate 
is to be immediately collected on a filtre, well 
washed with distilled water, and cautiously dried 
in a heat not exceeding that of a water bath. The 
immediate , washing of the pdwder is material, 
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because it is liable to the re-action of the nitric 
acid ; and while any of the acid adheres to it, it is 
very subject to the action of light. From 100 
graina of mercury, about 120 or 130 of the powder 
are obtained. 

This powder, struck on an anvil with a hammer, 
explodes with a stunning disagreeable report ; and 
with such force as to indent both the hammer and 
the anvil. Three or four grains are as much as 
ought to be used for such experiments. 



To make the Arbor Diance^ or Tree of Diana. 

Take half an ounce of fine silver, and two 
drachms of mercury, and dissolve them separately 
in a quantity of aqua fortis. When the solutions 
are perfectly made, mix them together, and pour 
them into a pint of common water, and stir it 
about, that the whole may be well mixed. Keep 
this preparation in a bottle well corked. In a glass 
globe, or other vessel, put the quantity of a small 
nut of the amalgam of silver with mercury, and 
pour three or four ounce? of the above liquor 
over it. After some hours there will arise from 
the little globular amalgam small branches, which, 
by increasing, will form a beautiful kind of shrub 
or tree of silver. 



To make a Tree of Silver on Glass. 

Put a few drops of the solution of silver in aqua 
fortis on a piece of glass, and having formed a bit 
<?f copper or brass-wire to represent a tree with its 
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branches, but flat sa as to lie upon the glass,^ lay 
it in the liquid, and let it remain for an hour or 
two. A beautiful vegetation will be perceived all 
round the wire, which will nearly be covered by 
it. This may be preserved by washing it very 
carefully with water, and putting another glass 
over it. 

To produce a Tree of Lead. 

Dissolve an ounce of sugar of lead in a quart of 
clear water, and put it into a glass decanter or 
globe. Then suspend in the solution, near the 
top, a small piece of zinc of an irregular shape. 
Let it stand undisturbed for a day, and it will 
begin to shoot out into leaves, and apparently to 
vegetate. If left undisturbed for a few days, it 
will become extremely beautiful j but it must be 
moved with great caution. 

It may appear to those unacquainted with chie- 
mistry, that the piece of zinc actually puts out 
leaves ; but this is a mistake, for if the zinc be ex- 
amined, it will be found nearly unaltered. This 
phenomenon is owing to the zinc having a greater 
attraction for oxygen than the lead has ; conse- 
quently, it takes it from the oxyde of lead, which 
re-appears in its metallic state. 

Arbor MartiSyOr Tree qfMars. 

Dissolve iron filings in aqua fortis moderately 
concentrated, till the acid is saturated ; then add 
to it gradually a solution of fixed alcaU, formerly 
called oil of tartar per deliquium. A strong ef- 
fervescence will ensue, and the iron, instead of 
falling to the bottom of the vessel, will afterwards 
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rise, so as to cover the sides, forming a multitude 
of ramifications heaped one upon the other, which 
will sometimes pass over the edge of the vessel, 
and extend themselves on the outside with all 
the appearance of a plant. 

To change Iron apparently into-Copper* 

Dissolve some blue vitriol (sulphate of copper) 
in w^ter, and dip into the solution a piece of 
bright iron or steel ; in a few seconds it may be 
taken out, when it will be apparently turned to 
copper. This is a deception ; the iron is not 
changed into copper ; it is only encrusted over 
with that metal, as may be easily seen by removing 
the copper by a file. The iron having a stronger 
attraction for sulphuric acid than copper, it takes 
the acid from the latter, which is consequently 
precipitated. This process is used for obtaining 
the copper from . waters near mines that contain a 
great quantity of that metal. Iron plates are put 
into them, which become incrusted with copper, 
which is scraped off. 



To prepare the Precipitate of Cassias. 



/ 



This beautiful purple colour is extremely useful 
to enamellers and glass stainers. To make it, pro- 
ceed as follows. 

Dissolve some gold in aqua regia (nitro-muriatic 
acid), and also dissolve some pure tin in diluted 
aqua regia, and pour it into the solution of gold. 
A purple powder will be precipitated, which must 
be collected and washed in distilled water. 
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A Method of Silvering Ivory. 

Take a slip of ivory, immerse it in a weak solu- 
tion of nitrate of silver, and let it remain in it till 
the ivory has acquired a bright yellow colour ; then 
take it out of the solution, and immerse it in a 
tumbler of pure water, and expose it in the water 
to the rays of a very bright sun. After the ivory 
has been exposed to the sun's rays for about two 
or three hours, it becomes black ; but on rubbing 
it a littlje, the black surface will become changed 
into one of silver. Although this coating of silver 
is extremely thin, yet if the ivory be well impreg- 
nated with the nitrate of silver, the solution will 
penetrate to a considerable depth ; and as fast as 
the silver wears off from the surface of the ivory, 
the nitrate below being exposed to the light, is coht 
verted into sliver, and the ivory retains its metallic 
appearance. 

To cover Ribbons with Gold by a Chemical Process* 

Let ether stand over phosphorus for some weeks, 
and some of the phosphorus will be dissolved. 
Dissolve also some gold in aqua regia (nitro-mu- 
riatic acid). Dip the ribbon, first, into the nitro- 
muriatic solution, and then into the phosphorated 
ether, and it will be covered with a firm coating of 
gold. 

The same effect may be produced by exposing 
the ribbon, after having dipped it into the solution 
of gold, to a current of phosphorated hydrogen gas 
for some days. 

To prepare Aurum Musivum. 

Aurum musivum is used by japanners, and for 
manyvarnishedworks,a« snuff-boxes, coaches, &c. 
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When well managed, it has all the beautiful ap- 
pearance of gold in powder. 

To make it, amalgamate twelve parts of the 
purest tin with three parts of mer^ry. The amal- 
gam must then be triturated in a stone mortar with 
seven parts of flowers of sulphur, and three parts of 
sal ammoniac. The mixture is then put into a 
matrass, and the whole is exposed to a gentle sand 
heat, until no more white fumes arise. When, 
upon this, the heat is somewhat raised, cinnabar 
sublimes, together with some oxygenated muriate 
of tin J while, at the same time, the remaining tin 
unites with the remaining sulphur, and forms the 
aurum musivum, exhibiting a golden yellow and 
flakey or scaley matter, of a metallic lustre. 

The main point in this process is the proper re- 
gulation of the fire : when this is too strong, the 
operation^does not succeed ; and instead of aurum 
musivum, common sulphuret of tin is obtained. 

To make an Artificial Volcano. 

For this curious experiment, which in some re* 
spects resembles the effect of volcanoes, we ar$ 
indebted to Lemery. 

Mix equal parts of pounded sulphur and iron*^ 
filings, and having formed the whole into a paste 
with water, huiy a quantity of it, forty or fifty 
pounds, for example, at about the depth of a foot 
below the surface of the earth. In ten or twelve 
hours afterwards, if the weather be warm, the 
earth will swell up and burst, and flames will issue 
out, which will enlarge the aperture, scattering 
around a yellow and blackish dust. 

It is not impossible, that what is here seen in 
miniature, takes place on a grand scale in volca- 
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noes J as'it is well known that they always furnish 
abundance of sulphur, and also metallic substances 

To profluce Artificial Lightning. 

Provide a tin tube, that is much larger on one 
side than the other, and in which there are se- 
veral holes. Fill this tube with resin, in powder, 
and when it is shook over the flame of a totdi, it 
will produce a sudden corruscation that strongly 
represents a flash of lightning. This is the manner 
in which lightning is produced at the theatres : it 
is not the flame itself that is to be seen, but its 
reflection only, as happens for the most^ part in 
nature. 

In this manner also the flambeaux of the 
furies on the st^e are constructed, except that, 
at the end of each of them, there is a mdtch dipped 
in spirits of wine ) by means of which it is only 
necessary to shake them, and they will produce a 
sudden and very considerable flame. 

Method of cutting Glass^ by means of Heat. 

Take a common wine-glass, or any vessel you 
want cut, and having heated a poker in the fire till 
it is almost red hot, but not quite, apply it to the 
part where you wish the crack to begin ; having 
held it upon the part for about a minute, remove 
the poker, and wet the place : the glass will imme- 
diately crack. Having now begun the crack, you 
may lead it in any direction, by merely drawing the 
hot poker in the direction you want. This is ex- 
tremely useful in many chemical experiments, 
where ypu are in want of proper apparatus. 

Gbss tubes may be es^sily cut with a file. 
Y 4 
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A Method of forming Pictures by Nitrate 
of Silver. 

It is well known that light has a powerful effect 
upon many of the metallic oxydes, causing them to 
turn black. 

Mr. J. Wedgewood has availed himself of this 
property, for crying paintings on glass, and making 
profiles of figures, by means of nitrate of silver. 

Cover white paper, or leather, with a solution of 
nitrate of silver, and place it behind a painting on 
glass, which is exposed to the rays of the sun. The 
rays which come through will blacken the paper; 
but the shades will be more or less deep, in propor- 
tion to the quantities of light transmitted through 
the different parts of the glass. Where rfie glass is 
transp^nt, and all the light comes throc^h, f^e 
paper will be made quite black; where the glass is 
quite opaque, and does not transmit any ligiht, the 
paper will be quite wbite^ and there will be d^rees 
of intensity of the shadow of every variety betwe^i 
these. 

This picture is not sensibly affected by the light 
of candles or lamps; but the day-light destroys it 
very soon, causing all the paper to become black ; 
nor have any means, hitherto tried for preventing 
this, been successful. 

Besides the ap^ication of this property of nitrate 
of silver to copying the light and shadow of paint- 
ings on glass, it may be applied to some others. 
By means of it delineations may be made of all such 
objects as are partly opaque and partly transparent. 
The fibres of leaves, and the wings of insects, may 
be pretty accurately represented by it, by only 
making the solar rays pass through them, upon 
prepared leather or paper. 



Digitized by 



Google 



MISCELLAKBOtrs. S^ 

Sir Humphrey Davy found, that the images of 
small objects produced by means of the solar mi- 
croscope, may be copied without difficulty on 
prepared paper: the best proportion was one 
part of nitrate to about ten of water. This is 
sufficient to enable the paper to become tinged, 
without hurting its texture. 

Artificial Fire-Works. . 

Artificial fire-iyorks are of two kinds — those 
made of gunpowder, nitre, and other inflammable 
substances and filings of the metab, camphor, &c.; 
and those produced by hydrogen or inflammable air. 

Those made with gunpowder are well known, 
and are called rockets, fire-wheels, tpurbillonsi &c. 

Of the^e, the most usual are rockets. They are 
made by ramming into stropg cylindrical papei^ cases 
put into wooden moulds, like small hollow columns, 
powdered gunpowder, or the ingredients of which it 
is composed ; viz. saltpetre, sujphur, and charcoal, 
very dry. 

If you would represent a fiery rain falling from 
the rocket, mix among your charge a composition 
of powdered glass, filings of iron, and saw dust ; this 
shower is called the peacock's tail, on account of the 
various colours that appear in it. Camphor mixed 
with the charge produces white or pale fire; resin 
a reddish colour; sulphur a blue ; sal ammoniac a 
green ; antimony a reddish yellow ; ivory shavings 
a silvery white, pitch a deep or dark coloured fire, 
and steel filings beautiful corruscations and sparks. 

Sticks are fastened to the rockets by which they 
are projected into the air, after they have been 
lighted ; the charge, burning with great intensity 
at oive end^ acts upon the air, which, in its turn. 
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re-acts upon the rocket, and causes it to ascend, on 
die same principle as a boat is put off by a man in 
it who pushes against the shore with a boat-hook. 

Fire-works by means of inflarnmable air are the 
most elegant; and being free from smell or smoke, 
may be exhibited in a room without any disagree- 
able effect. 

By referring to what has been already said when 
treating on hydrogen gas, the principle of these fire- 
works will easily be understood. Small copper or 
tin tubes must be provided, of about a quarter of 
an inch in diameter ; these tubes must be formed 
into the shapes required, and pierced with very 
small holes where a flame is wanted to appear; to 
these pieces miist be attached large bladders, or 
air-tight bags, filled with hydrogen gas. There 
must also be a stop-cock between the tubes and 
the bladders, to open or close the communication. 
Having prepared every thing properly, <^en the 
stop-cock, and press tlie bladders; the hy<lrogen 
will be forced out through the holes in the tubes, 
and by means of a taper may be inflamed^ A con- 
stant stream of fire maybe kept up as long as 
there is any air in the bladders. 

Upon this principle were constructed the beau- 
tiful fire-works exhibited in London by Mr. Cart- 
wright. 

The philosophical candle^ formed by hydrogen, 
has been already described under chemistry. 

Of Artificial Grottos and Shell- Work. 

The idea of artificial grottos is often wrongly 
conceived. They are usually intended as imita- 
jtions of nature; yet natural grottos are never seai 
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ornamented within with shells, corals, pieces of 
looking-glass, &c., disposed in a reguliir manner. 
Sometimes, indeed, a more sober species of grotto 
is attempted, composed of rough masses of stone, 
representing natural rocks, and covered with moss, 
and various plants. The difficulties, however, in 
this art, considered as an imitation of nature, are 
much greater than most persons suppose. To suc- 
ceed, the knowledge of the painter and the archi- 
tect are necessary ; and only those who have been 
accustomed to study nature with great attentum, ' 
are sufficiently acquainted with natural forms. 
The chief aim should be to dispose the parts so that 
lone may forget that the arrangement is artificial. 

There is another idea, however, that may be eur 
tertained with regard to artificial grottos } which 
is, that they need not represent nattsral caverns; 
but the supposed productions of enchantment or 
magic In this light, most of the incongruities 
will disappear, and ev^y possible license may be 
given for the display of imagination ^md taste. 
Nothing is supposed to be impossible to magical 
power : therefore every species of natural or artifi- 
cial productions may be combined together, And 
every thing introduced that may excite astonish- 
ment and surprise. Here there is no necessity for 
imitating the appearance of natural grottos, bat 
every species of regularity and irregularity may be 
licensed. The sciences of architecture and me- 
chanics may thus lend their aid in the construction 
of places, where mere nature is not the object of 
imitation, but where every thing may be employed 
that can have a powerful effect upon the imagination. 

Shell-work, corals, statues, fountains, streams of 
water, paintings, curious musical pieces of mechan- 
ism J in short, every thing extraordinary, may be 
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introduced with great success ; and in this art there 
is an ample field for the display of taste. 

The external of a grotto is the part where the 
least attempt at ornament should be -made. It is 
best made to resemble some hermitage constructed 
of roots of trees, or some similar kind of structure ; 
but no attempt should be made to imitate a natural 
cavern, except the situation should be peculiarly 
happy for this purpose. 

A cement for fixing large shell-work and stones 
may be prepared as follows: Melt together a 
quantity of resiti, pitch, and bees-wax, and add 
to it powdered marble or freestone, and a little 
sulphur. Any of the finer cements, mentioned 
under the article cements^ may be used for delicate 
purposes. 

To make Artificial Coral for Grottos* 

To two drachms of fine vermilion add one 
ounce of clear resin, and melt them together. 
Having your branches or twigs peeled and dried, 
paint them over with thismixture while hot. The 
black thorn is the best branch for it. Hold them 
over a gentle fire, turning them round till they 
are perfectly covered and smooth. You may 
make white coral with white lead, and black widi 
lamp-black. 

To take Impressions from Leaves. 

Take green leaves of trees or flowers, and lay 
them between the leaves of a book till they are dry. 
Then mix up some lamp-black with drying oil, and 
make a small dabber of some cotton wrapped up in 
a piece of soft leather. Put your colour ^upon a 
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tile, and take some on your dabber. Laying the dried 
leaf flat upon a table, dab it very gently with the 
6il colour, till the veins of the leaf are covered; 
but you must be carefulnot to dab it so hard as to 
force the- colour between the veins. Moisten a 
piece of paper, or rather have a piece laying 
between several sheets of moistened paper for 
several hours, and lay this over the leaf which has 
been blackened. Press it gently down, and then 
subject it to the action of a press, or lay a heavy 
weight on it, and press it down very hard. By 
this means you obtain a very beautiful impression 
of the leaf and all the veins ; even the minutest 
will be represented in a more perfect manner than 
they could be drawn with the greatest care. These 
impressions may also be coloured^ in the same 
manner as prints. 



, A Method of making Pictures of Birds, hy 
J means of their owi 'Feathers. 

- Get a thin board or pannel of deal, or wainscot, 
well seasoned, that it may not warp. Paste white 
paper over it, and let it dry. Take any bird that 
you would wish to represent, and draw its outline 
on the paper, in the attitude you desire, and of the 
full size, acjding what landscape, back ground, &c. 
you wish. This outline, so drawn, is afterwards 
to be filled up with the feathers from the bird, 
placing each feather in that part of the drawing 
corresponding to the part of the bird it was taken 
from. 

To do this, cover the representation with several 
coats of strong gum water, letting it diy between 
each coat, till it is of the thickness of a shilling. 
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When your ground is thus prepared, take the 
feathers off from the bird, beginning at the tail or 
the points of the wings, as you must work upwards 
towards the head. These feathers must be pre- 
pared by cutting off all the downy part ; and the 
larger feathers must have the insides of their shafts 
pared off, to make them lie flat. To lay them on, 
make use of a pair of small pliers to hold them by ; 
and moistening the gummed ground with water, 
place each feather in its natural and proper situ- 
ation. Keep each feather down, by putting a 
small leaden weight upon it, till you have another 
prepared to lay on. You must be careful not to 
let the gum come through the feathers, as it smears 
theiti, and sticking to the bottoms of the weights, 
will be apt to pull the feathers off. When you 
have put on all the feathers, you must ait a piece 
of round paper, and colour it like the eye, which 
you may stick in its place ; but the best way is to 
get small eyes made of glass. The bill, legs, and 
feet must be drawn and coloured from Nature. 
When it is finished and adjusted to your mind, lay 
a sheet of paper upon it, and upon that a heavy 
weight to press it; which must remain till the 
whole is quite dry. 



To take the Impression of any Butterfly in all 
its Colours. 

Having taken a butterfly, kill it without spoiling 
its wings, which contrive to spread out as regularly 
as possible in a flying position ; then, with a small 
brush or pencil, take a piece of white paper; wash 
part of it with gum water, a little thicker than 
ordinary, so that it may easily dry; afterwards. 
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la^ng; your tiutterfly on the paper^ cut off the 
body, close to the wmgs, and throwing it away, lay 
the paper on a smooth hoard, with the fly upwards ; 
and laying another paper over tlmt, put the whole 
preparation into a screw press, and screw it down 
very hard, or otherwise press it, letting it remain 
under that pressure for half an hour. Afterwards 
take off the wings of the butterfly, and you will 
find a perfect impression of them, with all their 
various colours marked distinctly, remaining on 
the paper. When this is done, draw between the 
wings of your impression the body of the butterfly, 
and colour it after the insect itself. 



To lay Mezzotinto Prints upon Glass. 

Take what mezzotinto print you please j cut 
off the margin, and lay it flat in a dish of clear hot 
water \ let it remain on the surface till it sinks. 
When you take it out, be careful not to break it, 
and press it betwixt clean cloths or papers, so that 
no water may appear on the surface, but the print 
be quite damp : then lay it, face uppermost, on a 
flat table j have ready a plate of pure crown glass, 
free from all spots or scratches ; lay some Venice 
turpentine all over one side of it with a soft brush; 
and hold it to the fire a little, to make it run quite 
equal and thin ; then let it fall gently on the print. 
Press it down, that the turpentine may stick to the 
print ; and also press the print with your fingers, 
from the middle to the edges of the glass, so that 
no blisters may remain. Wet your print now with 
a soft cloth, and rub it gently with your finger, and 
the paper will peel off, leaving only the impression 
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upon the glass. When it is dry, wet it ever with 
oil of turpentine till it is transparent, and set it by 
t;o dry, when it will be fit for painting. The 
colours used for painting in this manner are the 
usual oil colours, and there is nothing in the pro- 
cess particular. 

To make Artificial Pearls. 

Take the blay or bleak fishy which is very com- 
mon in the rivers near London, and scrape off the 
fine silvery scales from the belly. Wash and rub 
these in water. ' Then suffer this water to settle, 
and a sediment will be found of an oily consistence. 
A little of this is to be dropped into a hollow glass 
bead of a bluish tint, and shaken about, so as to 
cover all the internal surface. After this, the bead 
is filled up with melted white wax, to give it solidity 
and weight. ^ 

To prepare the Nurefnberg Powder of variegated 
Colour. 

Mix together clean filings of copper, brass, iron, 
steel, and other metals. Put each of them sepa- 
rately into ah iron vessel, and heat them till they 
change colour. The degree of heat can only be 
regulated by trial. Take these to a good flatting, 
mill, furnished with a funnel at top, and pass these 
filings through it, and you will procure a most 
beautiful sparkling powder of all sorts of lively 
colours. 
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Tq make very beautiful Artificial Petr^actims. 

Put into a retmt a quantity of* pounded ftuor 
spar and a few bits of broken glass, ^id pour upon 
them some sulphuric acid; fluoric acid gas will 
be disengaged, holding silex in solution. The 
substances to be made to resemble petrifactions, 
as lizards, frogs, branches of trees, birds nests, &c. 
must now be moistened with water, and placed 
in a vessel connected with the neck of the retort. 
The fluoric acid gas will be absorbed by the 
moisture adhering to the substances, and the silex 
will be precipitated upon them like a sort ci* hoar- 
frost, which will have a very beautiful appearance, 
and is very durable. 

A Method q/^making Cast Steel. 

'This method has been invented in France. 
It is as follows : Take small pieces of iron, and 
place them in a crucible, with a mixture of chalk 
or lime-stone and the earth of Hessian crucibles. 
Six parts of chalk and six of this earth must be 
employed for twenty parts of the iron. The mat- 
ters are to be so disposed, that, after f Vision, the 
iron must be completely covered by them, to pre- 
vent it from coming into contact with the external 
air. The mixture is then to be gradually heated, 
and at last exposed to aheat capable of melting iron. 
If the fire be well kept up, an hour will generally 
be sufficient to convert two pounds of iron into 
excellent and exceedingly hard steel, capable of 
being forged ; an advantage not possessed by steel 
made in the usual manner. 

VOL. II. z 
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Method ijfdistinguisJnng Iron from Steel. 

Drop a little weak aqua-fortis on the metal ; let it 
xemain for a few minutes, and then wash it oflFwith 
water. If it is steel, the spot will be black, but if 
iron, the spot will be whitish grey. 



A Testjbr discovering tJie presence of head^ 
Copper,^, in Wines. 

Lead a»d copper being sometimes used to 
amend, the taste of, wines, and these metals being 
of .a.very poisonous quality, a test that shall detect 
this is of great value. The following test is the 
discovery of Mr. Hanhemann. 

Equal parts of oyster shells and crude sulphur 
are to be kept in a white heat for a quarter of an 
hour, «ind, when cold, this is to be mixed with 
an equal quantity of acidulous tartrite of potash, 
and put into a strong bottle with common water 
for an hour, and then decanted into bottles holding 
an ounce each, with twenty drops of muriatic acid 
,in each. 

This liquor precipitates the least quantities of 
lead, copper, &c. frpm wines, in a very sensible 
black precipitate. 

To make Pearl White. 

Put some good aqua-fortis into a Florence flask, 
and gradually add to it bismuth broken into small 
pieces, till no more dissolves ; then let the solution 
remain till it is transparent. Add to this .some 
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water, and ^ white precipitate will be formed, 
which is to be washed and dried. This is white 
oxyde of bismuth, commonly termed magistery of 
bismuth, ot pearUwhite. 

This is used as a cosmetic, and is sold by the 
perfumers; but it very much impairs the skin, 
blackening it by degrees, so that once used, it 
must be continued; and it is also to be feared, 
that it has, besides, deleterious effects upon the 
constitution. 

To procure Animakukejor. the Microscope. 

. The surface of infused liquors is generally 
covered with a thin pellicle, which is easily broken, 
but acquires thickness by standing; the greatest 
number of animalculas are generally to be found 
in this superficial film. 

To make an infusion of pepper. -^Covex the bot- 
tom of an open jar, about half an inch thick, with 
common black pepper, bruised ; pour as miich 
soft water in the vessel as will rise about an inch 
above the pepper. The pepper and. water are 
then to be well shaken together ; after which they 
must not be stirred, but be left exposed to the air 
for a few days, when a thin pellicle will be formed . 
on the surface of the water, containing millions of 
animalculaa. 

To procure the eels in paste. — Boil a little flour 
and water till it becomes of a moderate consistence ; 
expose it to the air in an open vessel, and beat it 
together from time to time, to prevent the surface 
from growing hard or mouldy : after a few days, 
especially in summer tiipe, it will turn sour ; then, 
if it be examined with attention, you will . find 
myriads of eels on the surface. Apply them to 
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the microscope on a slip of flat glass^ first puttiog on 
it a drop of water, taken up by the head of a pin, 
for them to swim in. 

A very useful Method of breaking up Logs qf 
Wood. 

The usual way of breaking up logs of wood for 
the purposes of fuel, is by axes, knd driving wedges 
in. This, particularly in roots of trees, is very 
laborious. It is also sometimes done by gun- 
powder, in the same way as stones and rocks are 
blasted ; but this is very troublesome, as the plug 
is oflen driven out. A better method of performr 
ing this operation has lately been invented. A 
hole is bored with an augre, and a charge of pow- 
der introduced. An iron screw, with a good 
thread, having a hole bored through its axis, is then 
introduced into the hole, and turned till it come 
near to the powder. While the screw is putting 
in, a wire is kept in the hole through its^^ axis, but 
it is afterwards drawn out, and a piece of twine 
dipped in a solution of nitre is put into its place; 
This quick match is set fire to, and by its slow 
burning, affords time for the operator to retire be- 
f<wre it sets fire to the gunpowder. 

By this means, any roots or M stumps of trees 
may be easily broken up. 

A Process Jbr purifying Fish Oil. 

Take a gallon oC crude stinking oil, and put to 
it a pint of water poured off from two ounces of 
lime slacked in the air; stir the mixture up 
several times for the first twenty-four hours j then 
let it stand a day, and the lime w^er will sink 
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below the oil^ which must be carefully separated 
from it* 

Another Method for purifying it more completely. 

Take a gallon of crude stinking oil, and mix with 
it a quarter of an ounce of powdered chalk, a 
quarter of an ounce of lime slacked in the air, and 
half a pint of water; stir them together; and when 
they have stood some hours, add a pint of water, 
and two ounces of pearl-ashes, and place the mix- 
ture over a fire that will just keep it simmering, 
till the oil appears of a light amber colour, and has 
lost all smell, except a hot, greasy, soap-like scent. 
Then superadd half a pint of water, in which one 
ounce of salt has been dissolved, and having boiled 
it half an hour, pour the mixture into a proper ves- 
set, and let it stand for some days, till the oil and 
water separate. 

If this operation be repeated several times, di- 
minishing each time the quantity of ingredients 
one-half, the oil may be brought to a very light 
colour, and rendered equally sweet with the com- 
mon spermaceti oil. 

Oil purified in this manner is found to bum 
much better, and to answer better the purposes of 
the woollen manufacture. If an oil be wanted 
thicker and more unctuous, this may be rendered 
so by the addition of tallow or fat. 
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Unjdbr the name of Fine or Polite Arts, have 
been generally comprehended, painting, sculpture, 
architecture, poetry, and music: but in the com- 
mon acceptation of, words, the term fine arts is usu- 
ally confined to the three first j and the professors 
of them are called, by way of eminence, artists. 

It would exceed the limits to which we are con- 
fined in this work, to descant on the value and im- 
portance^of the fine arts ; and it is the less neces- 
sary, as. this subject is beginning to be generally 
understood, since drawing has become a necessary 
branch of education. 

To treat fully and professionally on the fine arts, 
would require a separate and extended work. What 
is here prc^osed, is to consider that part .which 
enters into our system of usual school education. 

Drq^mng strictly means the delineation of the 
contours ox outlines of objects: and in this sense the 
term is used by painters, who distinguish betweeli 
drawing and colouring : but the meaning of the 
word drawing is not suflSciently restricted, since, in 
common language, it has been applied to all such 
paintings as are executed with water colours on 
paper J the title of paintings having been rather 
given to those executed with oil colours on canvass. 

Since this difference of the materials only afibrded 
a very bad ground of distinction on which to found 
two species, the term paintings in water colours has 
very properly been lately introduced. 
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Still, however, in common language, the name of 
drawings is given to all works in water-colours, 
whether in outline only, in black and white, or in 
colours ; and the term painftings to those in oil. 

Painting in oil is capable of the greatest degree 
of perfection, but is also the most difficult, and is 
seldom attempted but by professional artists: 
whereas, the use of water-colours is comparatively 
easier, and better adapted for commoa use. 

The first step in the arts is to learn to draw the 
outlines of objects: next to express the light and 
shadow: and, lastly, to add the colour. 

But before we proceed, it will be necessary to 
describe the implements and colours made use of« 

Implements Jbr Drawing. 

Drawing-boards are for fixing the paper upon, so 
that it may not shift, and also for straining it, to 
prevent the colours, when laid wet upon the paper, 
from causing it to swell up, so as to be uneven. 
The simplest soit is made of a deal board framed 
square, with a strong piece across each end, to 
prevent warping. Upon this the paper may be 
fixed down with pins, wafers, or sealing-wax, or it 
may be strained with paste or glue, as follows : 
having wetted the paper well with a sponge, lay it 
upon the board, and turning up the edges about 
half an inch, run a little good paste or glue all round 
on the under side, and press the paper down upon 
the board with a cloth; then set it by to dry: the 
paper, which had expanded and blistered up much 
when wet, will contract in drying, while the edges, 
being fixed immoveably, will strain quite flat and 
tight, and will be much better for djrawing upon 
than when loose. 
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The best kind of drawing-boards, however, are 
made with a frame and a moveable panne}, upon 
which the paper is simply put wet, and then 
forced into the frame, where it is confined by 
wedges at the back. This strains equally well 
without the trouble of pasting^ so that you may 
dry it at the fire ; and it also looks much neater. 
These drawing-boards may be bought at most 
colour-shops. It is necessary to mention, that all 
die angles of drawing-boards should be exactly 
square. 

Parallel rulers are for drawing parallel lines 
readily : they are made of two pieces of ebony fas- 
tened together by brass bars, so as always to move 
parallel to each other. They may be bought of 
different kinds iand prices, at the mathematical 
instrument makers. 

Tee^sqicares are rulers made in the form of the 
letter T, which are used with the drawing-boards ; 
tiie short end, called the stock, being applied to 
the edge of the board, so as to slide forwards and 
backwards ; while the long part, called the blade, 
is used for drawing lines by^ These are more con- 
venient than parallel rulers, when a drawing-board 
is usedj as by them you draw lines at right 
angles to each other at once, without using the 
compasses. 

Dividing compasses are instruments of brass and 
steel, for dividing lines, and laying down measures 
from scales, &c. : they are generally sold in cases, 
containing also a steel pen for drawing lines cleaner 
than can be done by a common pen, which is very 
usd^hl where neatness is required ; and points with 
a black lead pencil, for putting into the compasses, 
when circles are to be described. These cases 
also contain scales of eqnal parts, and protractors 
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for laying down an^es. . All these may be had at 
the instrument makers. 

Black lead pencils are made of plumbago sawed 
into slips, and fitted into sticks of ced«r. They are 
of various qualities. The best are fine, without any 
grit, not too soft, and that cut easily without break, 
ing. An inferior kind is made by mixing up the 
dust of plumbago with gum or glue, and thus form-i 
ing a composition, which is fitted into sticks in the 
same manner as the best : these are always gritty, 
and do not answer so well for most drawings ; yet, 
being cheaper, they may be used upon many occa- 
sions. Jt is necessary to examine pencils before 
any quantity is bought, by cutting one of them^ 
because the composition pencils, having the same 
outward appearance, are often sold for the best. 

Indian rubber^ or elastic gum, as it is also called, 
is a subst£^ice much like leather, which has the 
curious and useful property of erasing or defacing 
Unes drawn with black lead ; it is, therefore* much 
used for this purpose. It is brought chiefly from 
South America, in the form of small bottles, which 
are cut up into slips. It is originally the juice of 
^ tree that grows very abundantly in Surinam* and 
is like milk when exuded from the tree, but soon 
becomes solid when exposed to the air. The na* 
tives form balls of clay, which they smear over 
with this milk: when this coating is almost dry, 
they apply another, and so on, till it is of the re* 
quired thickness ; they then moisten the clay with 
water, which does not dissolve the Indian rubber, 
and wash it out. These bottles are used by the 
natives for containing water* or other liqucH^ It 
is a production common to the £ast Indies also, 
fro9i whence, it is imported in various forms. 
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more convenient for use than the bottles above- 
mentioned. 

Indian Ink. — This very useful substance comes 
from China, where it is used for common writing, 
which is there performed with a brush instead of a 
pen. It is a solid substance, of a brownish black 
colour. When ground up with water upon a clean 
tile or earthenware plate, it may be made either 
lighter or darker, as required, by adding to it more 
or less water. The best Indian ink is always 
stamped with Chinese characters, breaks with a 
glossy fracture, and feels smooth, and not gritty, 
when rubbed against the teeth. The composition 
is not accurately known. An inferior kind is made 
in this country j but it may be easily distinguished 
by its grittiness. This is made of lamp black or 
ivory black, ground up with gum. 

Hmr pencils are made of camePs hair, put into a 
goose or swan's quill. To choose these, moisten 
them a little, and if they come to a point without 
splitting, they are good j if they do not, they are 
not-fit for drawing with. 

Charcoal is used for slightly sketching in the 
outlines of %ures, in order to get the proportions, 
previous to making a drawing in chalk. * The best 
charcoal for this purpose is that of the willow j it 
is cut into slips, and the strokes made with it may 
easily be rubbed out with a feather of goose's or 
duck's wing. 

Black chalk is a fossil substance resembling slaty 
coal, which is cut into slips for drawing. It is 
generally used in an instrument called a port 
crayon^ which is made either of steel or brass. It 
is much employed for drawing figures, and is the 
best substance for this purpose, in making di'awings 
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from plaster, or after the life. It is more gritty 
than black lead, but is of a deeper black, and has 
not the glossiness of the former. It is of two kinds, 
Freiich and Italian j the former is soft, the latter 
hard. 

For mellowing and softening the shadows into 
each other when black chalk is used. 

Stumps are necessary. They are pieces of soft 
shamoy leather, or blue paper, rolled up quite 
tight, and cut to a point. 

White chalk is used together with bladk, for 
laying on the lights. This is different from com- 
mon chalk, being much harder. Tobacco-pipe 
day will do very well instead of it. 

Red chalk is a fossil substance of a red ocbrey 
colour, which is sometimes used for drawing, but 
not so much now as it formerly was, the black 
being preferred ; however, the red being cheaper; 
will do very well for some purposes. 

Drawing paper. — Any paper that will do for 
writing will do for drawing ; but as the wire-marks 
in common writing paper are injurious, paper 
made without any wire-marks, caHed wove paper; 
is generally used for this purpose. It is made of 
various sizes and thickness. 

Middle tint paper is p^pev of a brownish or of a 
grey colour, which is used for drawing upon with 
black and white chalk. Being of a dark coldur, 
the strokes of the white chalk are distinctly seen j 
and it saves a great deal of time in making draw- 
ings, as the tint of the paper answers for the half 
shadow, so that all that is necessary to be done, is 
to lay in the dark shadows and the lights; 
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Various ai^e the opinions upon the best modes 
of beginning to learn to draw: and it is by no 
means easy to decide upon this point, as so much 
must always depend upon the genius, turn of mind» 
and opportunities of the student But, for general 
purposes, and when circumstances will admit of it, 
we have no hesitation in recommending to begin 
by the study of geometiy and perspective. 

The^ first forms the best introduction to a know- 
ledge of form, by ^ving accurate ideas respecting' 
the most simple forms, of which all the others may 
be considered as cotnpounds : and the last is abso- 
lutely necessary, not only to enable us to draw the 
r^resentations of regular objects, but even to see 
them correctly: and it is certain that no one 
unacquainted with its rules can ever attain the 
power o£ drawing, without making the grossest 
mistakes* 

Qeometry is a branch of mathematics which 
treats of the description and properties of magni* 
tudes in general. 

D^niHons or Ea^lanations of Terms. 

1« A point has neither length, breadth, nor 
thickness. From this definition it may easily be 
understood that a mathematical point cannot be 
seen nor felt; it can only be imagined. What is 
commonly called a point, as a small dot made with 
a pencil or pen, or the point of a needle, is not in 
reality a mathematical point; for however small 
such a dot may be, yet, if it be examined with a 
magnifying glass, it will be found to be an irregular 
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spot, of a v^ sensible length and breadth ; and 
our not being able to measure its dimensions with 
the naked eye, arises only from its smaliness. 
The same reasoning may be applied to every thing 
that is usaally called a point ; even the point of 
the finest needle appears like that of a poker when 
examined with the microscope. 

2. A line is length, witluHit breadth or thick- 
ness. What was said above of a point, is also ap^ 
plicable to the definition of a line. What is drawn 
upon paper with a pencil or pen, is not, in fact, a 
line^ but the representation of a line« For how- 
ever fine you may make these representations, they 
will still have some breadth. But by the definir 
tion, a Hne has no breadth whatever i yet it is.itt- 
posi^Ue to draw any thing so fine as to have no 
breadth. A line, therefore, can only be imagined* 
The ends of a line are points. 

S. Parallet lines are such as always keep at the 
same distance &om each other, and which, if pro- 
longed ever so far^ would never meet« PL 3. 
Fig. 1. 

4v A right line is what is commonly called a 
straight line, or that tends every where the same 
way. 

5. A curve is a line which continually changes 
its direction between its extreme points. 

6. An angle is the inclination or opening of two 
Unes meeting in a point. Fig. 2. 

7. The lines AB, and B C, which form the an- 
gle, are called the legs or sides ^ and the point 
B where they meet, is called the vertejs of the 
angle^ or the angular point. An angle is some- 
times expressed by a letter placed at the vertex^ 
as the angle B> Fig. 2: but most commonly by 
three letters, observing to place in the middle the 
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lette? at the vertex, and the other two at the end of 
each leg,^ as the angle ABC. 
. 8. When one line stands upon another, so as 
not to lean more to one side than to another, both 
the angles which it makes with th^ other are called 
righUangles, as the angles ABC and A B D, Fig. 3, 
and all right-angles are equal to each other, being 
all equal to 90^ ; and the Une A B is said to be per- 
pendicular to C D. 

. Beginners are very apt to confound the terms 
perp^nMculaVy and phimb or vertical Une.^ A line is 
vertical when, it is at right^angles to the plane of 
the horizon, or level surface of the earth, or to the 
-surface of water, which is always level. The sides 
erf* a: house are vertical.. But a line may be per- 
pendicular to another,, whether it stands upright or 
inclines to the ground, or even if it lies flat upon it, 
provided only tliat it makes the two angles formed 
by meeting with the other line equal to each other j 
as for instance, if the angles ABC, and A B D be 
equal, the line AB is perpendicular to CD, what- 
ever may be its position in other respects. 
:. 9. When one line, BE (Fig. 3), stands/ upon 
^another, C D, . so as to incline, the angle E B C, 
which is greater than a right-angle, is called an 
.obtuse angle \ .and that which is less than a right- 
angle, is called an acute angle, as the angle E B D. 
• 10. Two angles which have one leg in common, 
as the angles ABC, and ABE, are called conti'- 
guotcs angles, or adjoining angles ; those which 
ar,e produced by the crossing of two lines, as. the 
angles EBD and CBF„ formed by C D and £F, 
crossing each other, .are called opposite or, vertical 
.angles. 

11.. AJigure is a bounded space, .and is either a 
surjace or a solid. _ 
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12. A superficies^ or surfaccj has length and 
breadth only. The extremities of a superficies are 
lines. 

A plane J or plane swrface^ is ^ that which is 
every where perfectly flat andeven, or which, will 
touch every part of a straight line, in whatever 
direction it may be laid upon it. The top of 
a marble slab, for instance, is an example of 
this, which a straight edge will, touch in every 
point, so that you cannot see light any where 
between. 

A curved surfiice is that whioli will not coincide 
with a straight line in any part^ Curved surfaces 
may be either convex or concave. 

A convex surface is when the surface rises up in 
the middle, as, for instance, a part of the outside 
of a globe. 

^ A concave surface is when it sinks in the middle, 
or is hollow, and is the contrary to convex. 

A surface may be bounded either by straight 
lines, curved lines, or both these. 

13. Every surface bounded by straight lines 
only, is called a rectUtnear figure. 

14. Three is the fewest number of sides that a 
rectilinear figure can have ; and it is then called a 
triangle. 

' 15. Triangles are of different kinds, according 
to \he lengths qf their sides. 

An equilateral triangle has all its sides equal, as 
A B C, Fig. 4. 

An isosceles triangle has two equal sides, as 
DEF, Fig. 5. 

A scalene triangle has all its sides unequal, as 
GHI, Fig. 6. 

16.' Triangles are also denominated according 
to the angles they contain. 
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A right-angled Ax'mnf^e is one that hal^ in k a 
right-angle, as A B C, Fig. 7. 

A triangle cannot have more than one right*an'> 
gle. The side opposite to the right-angle B, as 
AC, is called the hypoihetmse^ and is always the 
longest side«u 

An obtme^angled trialigle has one obtuse angle^ 
as Fig. 8. 

An acute-angled triangle has all its angles acute» 
as Fig. 4. 

An isosceles, or a scalene triangle, may be 
either right-angled, obtuse, or acute« 

Any side of a triangle is said to subtend the 
angle opposite to it : thus A B (Fig. 7)> subtends 
the angle A C B» 

If the side of a triangle be drawn out beyond 
the figure, as A D (Fig. 8), the angle A, or C A B, 
i» called an internal angle, and the angle CAD, 
or that without the %ure, an ea^temal 2aig\e. 

17* A figure with four sides is called a quadri- 
lateral figure. They are of various denominations, 
as their sides are equal or unequal, or as all their 
angles are right angles or not* 

18# Every four-sided figure whose opposite sides 
are parallel, is called a parallelogram. Provided 
that the sides opposite to each other be parallel, it 
is immaterial whetiier the angles are right or not. 
Fig. 9, 10, 1 1, and 12, are all parallelograms. 

When the angles of* a parallelogram are all 
right angles, it is called a rectangular parallel- 
ogram^ or a rectangle, as Fig* 11 £uid 12. 

19* A rectangle may have all its sides equal, or 
only the opposite sides equal. When all its ^des 
are equal, it is called a square, as Fig. IS. 

2a When the opposite ^des are paraUel, and all 
the sides equal to each other, but the angles not 
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right angles, the parallelogram is called a rhombics, 
as Fig. 10. 

21. A parallelogram having all its angles oblique, 
and only its opposite equal, is called a rhomboid^ 
as Fig. 9. 

22. When a quadrilateral or four^sided figure 
has none of its sides parallel, it is called a trdpe^ 
zium^ as Fig. 13. ; consequently every quadrangle, 
or quadrilateral which is not a parallelogram, is a 
trapezium. 

23. A trapezoid has only one pair of its sides 
parallel, as Fig. 14. 

24. A diagonal is a right line drawn between 
any two angles that are opposite in a quadrangle, 
as I K, Fig. 15. In parallelograms the diagonal is 
sometimes called the diameter^ because it passes 
through the centre of the figure. 

25. Complements of a parallelogram. If any 
point, as E (Fig. 15.), be takeii in the diagonal of a 
parallelogram, and through that point two liiies are 
drawn parallel to the sides, as A B, C D, it will be 
divided into four parallelograms, D D, L, F, G G. 
The two divisions, L, F, through whidh the diame- 
ter does not pass, are called the complements. 

26. Figures having more than four sides are 
called poljfgons. If the sides are all equal, they 
are called regular polygons: if they are unequal, 
they are called irregular polygons. 

A pentagon is a polygon of five sides. 

A hexagon has six sides. 

A heptagon seven sides. 

An octagon eight sides. 

A nonagon nine sides. • 

An undecagon eleven sides. 

A duodecagon twelve sides. 

VOL. II. A A 
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When they have a greater number of sides, they 
are called polygons of 13 sides, of 14 sides, and 
so on. 

27* Base of a figure is the side on which it is 
supposed to stand erect, as A B and C D. (Pig* 16.) 

28. Altitude of a figure is its perpendicular 
height from the base to the highest part, as £ F. 
(Fig. 16.) 

29. Area of a plane figure, or other surface, 
means the quantity of space contained within its 
boundaries, expressed in square feet, yards, or any 
other superficial measure. 

30. Simlarjigures are such as have the. same 
angles, and whose sides are in the same proportion, 
as Fig* 17- 

31. Equtd figures are such as have the same 
area or contents. 

82# A circle is a plane figure, bounded by a 

curve line returning into itself, called its circum- 

Jerence^ A BCD, (Fig. 18.) every where equally 

distant from a point £ within the circle, which is 

called the centre. 

' 33. The radius of a circle is a straight line drawn 
from the centre to the circumference, as £ F. 
(Fig. 18.) TTie radius is the opening of the com- 
pos when a circle is described ; and consequently 
all the radii of a circle must be equal to each other. 

34. A diameter of a circle is a straight line 
drawn from one side of the circumference to the 
other through the centre, as C B. (Fig. 18.) £very 
diameter divides the circle into two equal parts. 

S5. A segment of a circle is a part of a circle cut 
off by a straight line drawn across it. This straight 
line is called the chord. A segment may be either 
equal to, greater, or less than a semicircle^ which is 
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a segment formed by the diameter of the circle, as 
C E B, and is equal to half the circle. 

36. A tangent is a straight Kne drawn so as 
just to touch a circle without cutting it, as G H. 
(Fig. 18.) The point A, where it touches the cir- 
cle, is called the point qf contact. And a tangent 
cannot touch a circle in more points than one. 

37. A sector of a circle is a space comprehended 
between two radii and an arc, as B I K. (Fig. 19.) 

38* The circumference of every circle, whether 
great or small, is supposed to be divided into 360 
equal parts, called degrees ; and every degree into 
60 parts, called minutes ; and every minute into 
60 seconds. To measure the inclination of lines 
to each other, or angles, a circle is described 
round the angular point as a centre^ as I K, Fig. 19* ; 
and according to the number of degrees, minutes, 
and second^ cut off by the sides of the angle, so 
many degrees, minutes, and seconds, it is said to 
contain. Degrees are marked by °i minutes by \ 
and seconds by ''j thus an angle of 48 degrees, 
i5 minutes, and 7 seconds, is written in this 
manner, 48** 15' 7". 

39* A solid is any body that has length, breadth, 
and thickness : a book, for instance, is solid, so is 
a sheet of paper j for though its thickness is very 
small, yet it has some thickness. The boundaries 
of % solid are surfaces. 

40. Similar solids are such as are bounded by an 
equal number of similar planes. 

41. A prism is a solid, of which the sides are 
. jmrallelograms, and the two ends or bases are 

similar polygons, parallel to each other. Prisms 
are denominated accc^ding to the number of angles 
in the base, triangular prisms, quadrangular^ pent- 
angulaTy and so on, as Fig. 20, 21, 22, 23. If the 
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sides are perpendicular to the plane of the base, it is 
called an upright prism ; if they are inclined, it is 
called an obliqtce prism. 

42. When the base of a prism is a parallelogram, 
it is called a parallelopipedon, as Fig. 22* and 23. 
Hence a parallelopipedon is a solid terminated by 
six parallelograms. 

43. When all the sides of a parallelopipedon are 
squares, the solid is called a cubCf as Fig. 23. 

44. A rhomboid is an oblique prism, whose bases 
are parallelograms. (Fig. 24.) 

45. A pyramidy A B, (Fig. 25. and 26.) is a solid 
bounded by, or contained within a number of 
planes, whose base may be any rectilinear figure, 
and whose faces are triangles terminated in one 
point, B, commonly called the summity or vertex of 
the pyramid. 

When the figure of the base is a triangle, it is 
called a triangular pyramid ; when the figure of 
the base is quadrilateral, it is called a quadrilateral 
pyramidy &c. 

A pyramid is either regular or b^egulary ac- 
cording as the base is regular or irregular. 

A pyramid is also right or uprighty or it is 
oblique. It is righty when a line drawn from the 
vertex to the centre of the base, is perpendicular 
to it, as Fig. 25. ; and obliquey when this line in- 
clines, as Fig. 26. 

46. A cylinder is a solid (Fig. 27. and 28.) ge- 
nerated or formed by the rotation of a rectangle 
about one of its sides, supposed to be at rest ; this 
quiescent side is called the aa:is of the cylinder. 
Or it may be conceived to be generated by the 
motion of a circle, in a direction perpendicular to 
its surface, and always parallel to itself. 
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A cylinder is either right or oblique^ as the axis 
is pei-pendicular to the base or inclined.^ 

Every seotion of a right cylinder taken at right 
angles to its axis is a circle; arid Qvery section 
taken across the cylinder, but oblique to the axis, 
is an ellipsis. 

As a circle may be considered to be a polygon of 
an infinite number of sides, so a cylinder may be 
conceived as a prism having such polygons for 
bases. 

47. A cone is a solid, (Fig. 29. and SO.) having 
io£ its base a circle, and its sides a convex surface, 
and terminating in a point A called the vertex or 
apex of the cone. It may be conceived to be 
generated by the revolution of a right-angled 
triangle about its perpendicular. 

Aline drawn from the vertex to the centre of 
the base, is the axis of the cone. 

When this line is perpendicular to the base, the 
cone is called an upright or right cone ^ but when 
it is inclined, it is called an oblique cone. 

If a cone be cut through the axis from the vertex 
to the base, the section will be a triangle. 

If a right cone be cut by a plane at right angles 
to the axis, the section will be a circle. 

If a cone be cut oblique to the axis, and quite 
across from one side to the other, the section will 
be an ellipsis, as Rg. 31. A section of a cylinder 
made in the same manner, is also an ellipsis ; and 
this is easily conceived j but it does not appear so 
readily to most people, that the oblique section of 
a cone is an ellipsis : they frequently imagine that 
it will be wider at one end than the other, or what 
is called an ovaU which is of the shape of an egg. 
But that this is a mistake, any one may convince 
himself, by making a cone, and cutting it across 
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obliquely : it will be then seen that the section, in 
whatever direction it is taken, is a regular ellipsis ; 
and this is the ?ase, whether the cone be right or 
oblique; except; oi^ly in pn^ qase in the oblique con^ 
which is whep th^ section i$ ts^ken in a, pfirti^ajf 
direction which is called sub-contrary tp its b^'S^ 

48. Wh?n tfee section is made pa^^llel to pp§ of 
the sides of the cone, as Fig. 3)8., the curve A BC> 
which bounds the section, is called a p^abol(i. 

49. When the section is taken parallel tp the 
axis, as Fig. 33., the curve is called an hyperj^la^ 

The curves which are formed by cutting a cone 
in different directions are called conk sections^ an4 
have vaiious properties which are of great import* 
ance in astronomy, gunnery, perspective, and 
many other sciences. 

50- A sphere is a soUd, terminated by a cpnvex 
surface, every point of which is at an equal distance 
fiom a point within called the centre. Fig. 34* 

It may be conceived to be formed by making a 
semicircle revolve rpund ^ts diameter. 1^ may 
be illustrated by the process of forming a ball of 
clay by the potter's wheel, a semicircular mould 
being used for the purpose. The diameter of the 
semicircle round which it ^evolves is c$^d the 
a^is of the sphere. 

The ends of the axis are called poks. 

Any line parsing through the centre, of the 
sphere, apd terminated by the circumference,, is a 
diameter of the sphere. 

Every section of a sphere is, a circle % every sec- 
tion taken through the cent^ pf the sphere, ia 
called a ^reat circle^ a^ A B, Fig. 34. j ev^y oAes 
is a lesser circle^ as C D. 

Any portion of a sphere cwt off by a plane is 
called a ^eginent^ an^ wheii the plane passes 
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through the centre, it divides the sphere into two 
equal parts, each of which is called a kemifiphere^ 

51. A conoid is a solid produced by the circutn- 
voIutioQt of a secticm of the ecme about its axi*i 
aud consequently may be either an elUptieal conoid, , 
B, hyperbolical conrnd^oTdi par ahulical conoid. When 
it is elliptical^ it is generally called a spheroid. 
These adids are also called eUipsoidy hypcrboioid^ 
Bud paraboloid. 

52. A spheroid is a soKd (Fig. 35.) generated 
by the rotation of a seini*ellipsis about the trans:- 
verse or conjugate axis ; and the centre of the 
ellipsis is the centre of the spheroid. 

The fine about which the elKpsis revolves, i» 
called the asis. K the sphetoid be generated 
about the conjugate axis of the serai-ellipsis, it is^ 
called 2L prolate spheroid. 

If the spheroid be generated by the semi-elUpsis^ 
by revolving about the tranaverse axis, it is called 
an oblong spheroid.^ 

Every sectmn of a spheroid is? an eltipsis^ except 
when it is perpendicular to that axis about which 
it is generated ; in which case it is a circle* 

All sections of a spheroid parallel to each other 
are similar figures. 

A frustum of a solid means a piece cut off from 
the solid by a plane paired throi^h it» usually 
parallel to the base of the solid j as the frustuia of 
a cone,, a. pyramid, &c. 

There is a bmer and an upper frustum, according 
aa the piece spoken of does or does not contain th^ 
base of the solid. 

53. Ratio is the proportion which one miagnitude 
bears to. another of the same kind, with respect to 
quantity } and is usually marked thus, A : B* 

AA 4 
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Of these^i the first is called the antecedent, and 
the siecond the consequent. 

The measure, or qiumtity of a ratio is conceived 
by considering what part pf the consequent is the 
antecedent j consequently it is obtained by dividing 
the consequent by the antecedent. 

54. Three magnitudes or quantities, A,B>C, are 
said to be proportional^ when the ratio of the first to 
the second is the same as that of the second to the 
third. Thus, 2, 4, 8, are proportional, because 4 
is contained in 8 as many times as 2 is in 4. 

55. Jbwrquantities,A,B,G,D, aresaidtobe^o- 
joorfeow^/ when the ratio of the first A to the second 
B is the same as the ratio of the third C to the 
fourth D, It is usually written A : B : : C : D, 
or, if expressed in numbers, 2 : 4 : : 8 : 16. 

5G. Of three proportional quantities, the middle 
one is said to be a mean proportional between the 
other two ; and the last a third proportional to the 
first and second. 

57. Of Jour proportional quantities, the last is 
said to be a fourth proportional to the other three, 
taken in order. 

58. Ratio of equality is that which equal numbers 
bear to each other. 

59. Inverse ratio is when the antecedent is made 
the consequent, and the consequent the antecedent. 
Thus if 1 : 2 : : 3 : 6 ; then inversely, 2:1 \\Q\9. 

60. Alternate proportion is when antecedent is 
compared with antecedent, and consequent with 
consequent. Thus if 2 : 1 : : 6 : 3; then by a/fer- 
nation, 2 : 6 : : 1 : 3. 

61. Proportion by composition is when the ante- 
cedent and consequent, taken as one quantity, are 
compared either with the consequent or with the 
antecedent. Thus if 2 : 1 : : 6 : 3 j then by com- 
position 2+1 : l : ; Q+S : 3, apd ^+1 : 2 : 6+S : 6. 
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62. Divided proportion is when the difference of 
the antecedent and consequent is compared either 
with the consequent or with the antecedent. Thus 
if 3 : 1 : : 12:4; then by division 3 — 1 : 1 : : 12 
^4: 4 and 3 — 1 : 3 ::12 — 4 : 12. 

63. Continued proportion is when the first is to the 
second as the second to the third; as the third to 
the fourth ; as the fourth to the fifth ; and so on. 

64. Compound ratio is formed by the multiplica- 
tion of several antecedents and the several conse- 
quents of ratios together, in the following manner : 

If A be to B as 3 to 5, B to C as 5 to 8, and C to 

D as 8 to 6 ; then A will be D, as p^pl^-^^i; 
'> ' 5x8x6 240 * 

that is, A : D : : 1 : 2. 

65. To Bisect means to divide any thing into 
two equal parts. 

66. To Trisect is to divide any thing into three 
equal parts. 

67. To Inscribe is to draw one figure within 
another, so that all the angles of the inner figure 
shall touch either the angles, sides, or planes of the 
external figure. 

68. To Circumscribe is to draw a figure round 
another, so that either the angles, sides, or planes 
of the circumscribed figure shall touch all the 
angles of the figure within it. 

69. A Rectangle under any two lines means a 
rectangle which has two of its sides equal to one of 
the lines, and two of them equal to the other. Also 
the rectangle under AB,CD, means ABxCD. 

70. Scales (f equal parts. A scale of equal parts 
is a straight line divided into any number of equal 
parts 'at pleasure. Each part may represent any 
measure you please, as an inch, a foot, a yard, &c. 
One of these is generally subdivided into parts of 
the next denomination, or into tenths or hundredths. 
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Scales may he constructed in a variety of ways. 
The most usual manner is to make an inclv or some 
aliquot part of an inch to represent a foot ; and 
then they are called inch scales, three-quarter^ 
inch scales, half-inch scales, quarter-inch scales, &c.. 
They are usually drawn upon ivory or box-wood* 

71* An aaiom is a manifest truth, not requirii^ 
any demonstration. 

72. Postulates are things required to be granted 
true, before we proceed to demonstrate a propo* 
sition. 

73. A proposition is when something is either 
proposed to he done) or to be demonstrated, and is 
either a problem or a theorem. 

74. A problem is when something is proposed ta 
be done j as some figure to be drawn. 

75. A theorem is when something is proposed to 
be demonstrated or proved. 

76. A lemma is when a premise is demonstrated, 
in order to render the thing in hand the more easy. 

77* A corollary is an inference drawn from the 
demonstration of some proposition. 

78. A scholium is when some remark or observa- 
tion is made upon something mentioned before. 

79i The sign 5= denotes that the quantities be- 
twixt which it stands are equal. 

80. The sign + denotes that the quantity after 
it is to be added to that immediately before it. 

81. The sigti — denotes that the quantity after 
it is to be taken away or subtracted from the quan- 
tity preceding it 

Geometrical Problems. 

Prob.l. To divide a given line, AB(R. 4.), 
into two equal parts. 
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From the points A and B a^ centres^ and vdth 
any opening of tbe coi^apas^e^ greater than half 
A B, describe ar^he? cutting each other in c and d. 
Draw the line q4; and the point E, where it cuts 
A B, will be the middle required. 

Prob. 2. To raise a perpendicular to a given line 
A B, ftqip a point giv^n at C. 

C^ It When the givers point is »ear the middle 
of the line. On ea(^ side of the point C, take any 
two equal distances CdmA Ce; from d and e^ 
with any racjius or opening of the compasses greater 
than C d^ Qi C ^j. describe two arcs cutting each 
other in jC Lastly, through the points j^ G, drair 
the line JV, and it wiU be: th© perpendicular re- 
quired^ 

Case 9^ Wb^a the point ia at or near the eatid of 
the Kne. T&ke my poiot 4> above the. line, and 
with the radiw or distance dCr describe the; arc 
e CjT^ cutting A B in ^ and C. Through the centre^ 
(if and the pcant ^> draw the line e df, cutting the are 
e Cfmf. Through the p^lnta^ C, draw the line 
jTC, and it will he the perpendicular required. 

jPr^. 3^ From a given pointy to l^t fall a per* 
pendieular upon 9f given line A it 

From the point f, with any radius^ describe 
the are (^ r> cutting A B in e and d. From the 
points ed% with the same or any other radius^ 
describe tw© arcs cutting each othar in g. Through 
the pQ&ita jf and gf draw th^ hme fgf and/C will 
be, th^ pejrpwdic«lar required* 

fmh 4t To laiake an angle equal to an(^hw 
angle which i^ given, as. a B 6^ 

From the point B, with any radius^ describe the 
arc $i ti entj^g tk^ lfg$ B 4^> B iv in the points a 
and b. Draw the Jfgie D ^> and from the point D^ 
with the same radius as before, describe the arc e^ 
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cutting T>€ in e. Take the distance b a, and apply 
it to the arc ef^ from e tof. Lastly, through the 
points, D,^ draw the line D^ and the angle e Djf 
will be equal to the angle i B a, as was required. 

Prob. 5. To divide a given angle, ABC, into 
two equal angles. 

From the point B, with any radius, describe the 
arc A C. From A and C with thfe same, or any 
other radius, describe arcs cutting each in d. Draw 
the line B rf, and it will bisect the angle A B C, as^ 
was required. 

Prob. 6. To lay down an angle of any number 
of degrees. 

.There are various methods of doing this. One 
is by the use of an instrument called a protractor, 
which is a semicircle of brass having its circumfer- 
ence divided into degrees. Let A B be a given 
line J and let it be required to draw from the an- 
gular point A, a line making with A B any number 
of degrees, suppose 20. Lay the straight side of 
the protractor along the line AB, and count 20"^ 
from the end B of the semicircle ; at C, which is 
20* from B, make a mark; then, removing the 
protractor, draw the line A C, which makes with 
A B the angle required. 

Or, it may be done by a divided line, usually 
drawn upon scales, called a line of chords. Take 
60^ from the line of chords in the compasses ; and 
setting one at the angular point B, Prob. 4, with 
that opening as a radius, describe an arch, as a b: 
then take the number of degrees you intend the 
angle to be of, and set it from b to a, then is aBb, 
the angle required. - 

Prob. 7. Through a given point C, to draw a 
line parallel to a given line A B. ^ 
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Case 1. Tsike any point rf, in A B ; upon d and 
C, with the distance C rf> describe two arcs, e C, 
and rf^ cutting the line A B in e and d. Make 
d J* equal to e C; through C and^draw CJi and it 
will be the line required. 

Case 2, When the parallel is to be at a given 
distance from A B. From any two points, c and 
d, in the line A B, with a radius equal to the given 
distance, describe the arcs e and^: draw the line 
C B to touch those arcs without cutting them, and 
it will be parallel to A B, as was required. 

Prob. 8. To divide a given line A B into any 
proposed number of equal parts. 

From A, one end of the line, draw A c, making 
any angle with AB; and from B, the other end, 
dr^w B rf, making the angle AB d equal to B A c. 
In each of these lines A c, B rf, beginning at A and 
B, set off as many equal parts of any length as A B 
is to be divided into. Join the points C 5, 46, 
37f &c., and A B will be divided as required. 

Prob. 9. To find the centre of a given circle, 
that is, of any one already described. Draw any 
chord A B, and bisect it with the perpendicular 
C D. Bisect C D with the diameter E F, and the 
intersection O will be the centre required. 

Prob. 10. To draw a tangent to a given circle 
that shall pass through a given point, A. 

From the centre O, draw the radius OA. 
Through the point A, draw D E perpendicular to 
O A ; and it will be the tangent required. 

Prob. 11. To draw a tangent to a circle, or any 
segment of a circle ABC, through a given point 
B, without making use of the centre of the circle. 

Take any two equal divisions upon the circle 
from the given point B, towards d and e, and draw 
the chord e B. Upon B, as a centre with the dis- 
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tance B rf, describe the sxcfdg^ cutting the chord 
e B in^ Make dg equal to df; through g draw 
g B, and it will be the tangent required* 

Prob. 12» Given three points> A, B, C. not in a 
straight line, to describe a circle that shall pass 
through them. 

Bisect the lines A B, B C, by the perpendicu- 
lars ab^ba^ meeting at d. Upon rf, with the dis- 
tance d A, rfB, or dC, describe ABC, and it will 
be the required circle. 

Prob. IS. To describe the segment of a circle, 
of any length A B, and any height C D. 

Bisect AB by the perpendicular D^> cutting 
A B in c. From c make c D on the perpendicular 
equal to C D. Draw A D, and bisect it by a per- 
pendicular efj cutting D^ iti ^« Upon g the 
centre, describe A D B, and it will be the required 
segment. 

Prob. 14* To describe the segment of a circle 
by means of two rulers^ to any length A B, and 
perpendicular height C D in the middle <rf A B, 
without making use of the centre. 

Place the rulers to the height at C j bring the 
edges close to A and B \ fix them together sit C, 
and put . another piece across them to keep them 
fkst. Put in pins at A and B, then move the rulers 
round these pins, holding a pencil at the angular 
{ioiiit C, which will describe the segment. 

Prob. 15. In any given triangle to inscribe a 
circle. Bisect any two angles A and C, with the 
lines A D and CDC. From D the point 6f inter- 
isection, let fall the perpendicular D E j it will be 
the radius of the circle required. 

Prob. 16. In a given square, to describe a regu- 
lar octagon. 
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Draw the diagonals AC and BD, interaecting 
at€. Upon the points A, B, C, D, as centres^ 
with a radius eC, describe the arcs hel^ ken, 
rmeg^fe u Jomfn, mh, ki, Ig, and it will be the 
required octagon. 

Prob. 17» In a given circle, to describe any re- 
gular polygon. 

Divide the circumference into as many parts as 
there are sides in the polygon to be drawn, und 
join the points of division. 

Prob. 18. Upon a given line AB, to construct 
an equilateral triangle. 

Upon the points A, and B, with a radius equal 
to A B, describe arches cutting each other at C. . 
Draw A C^nd B C, and ABC will be the triangle 
required. 

Prob. 19. To make a triangle, whose sides shall 
be equal to three given lines, D, E, F, any two of 
them being greater than the third. 

Draw A B equal to the line D. Upon A, with 
the radius F, describe an arc C D. Upon B, with , 
the radius E, describe another arc intersecting the 
former at C. Draw A C and C B, and ABC will 
be the triangle required. 

Prob. 20. To make a trapezium equal and simi- 
lar to a given trapezium A B C D. 

Divide the given trapezium A B C D into two 
triangles by the diagonal D B. Make E F equal 
to A B J upon E F construct the triangle E F H, 
whose sides shall be respectively equal to those of 
the triangle A B D by the last problem. Upon 
H F, which is equal to D B, construct the triangle 
H FG, whose sides are respectively equal to D B C ; 
then EFGH will be the tr^^pezium required. 

By the help of this problem any plan may be 
copied J as every figure, however irregular, may 
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be divided into triangles. Upon this the practice 
of land-surveying and making plans of estates is 
founded. 

Prob. 21. To make a square equal to two given 
squares. Make the sides D E and D F of the two 
given squares A and B ; from the sides of a right- 
angled triangle F D E ; draw the hypothenuse 
FE; on it describe the square EFG H, and it 
will be the square required. 

Proh. 22. Two right lines A B, C D, being 
given, to find a third proportional. Make an angle 
H E I at pleasure ; from E make E F equal to 
A B, and E G equal to CD: join F G. Make 
E I equal to E F, and draw H I parallel to FG 
then E H will be the third proportional required 
that is, EF : E G : : E H : E I, or A B : CD : 
CD: EI. 

Prob. 23. Three lines being given, to find a 
fourth proportional. Make the angle H G I at 
pleasure ; from G make G H equal to A B, G I 
equal to C D, and join H I. Make G K equal to 
E F J draw K L through K, parallel to H I ; then 
G L will be the fourth proportional required ; that 
is, G H : G I : : G K : G L, or A B : C D : : E F : 
GL. 

Prob. 24. To divide a given line A B in the 
same proportion as another C D is divided. 

Make any angle K H I, and make H I equal to 
A B ; then apply the several divisions of C D from 
H to K, and join K I. Draw the lines he^ if, k g^ 
parallel to I K ; and the line H I will be divided in 
e^f, gy as was required. 

Prob. 25. Between two given lines A B and C D, 
to find a mean proportional. 

Draw the right line E G, in which make E F 
equal to A B, and F G equal to C D. Bisect E G 
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in H, and with H E or H G, as radius, describe 
the semicircle E I G. From F draw F I perpen- 
dicular to E G, cutting the circle in I ; and I F 
will be the mean proportional required. 

Prob. 26. To describe an ellipsis. ' 

If two pins are fixed at the points E and F, a 
string put about them, and the ends tied together 
atC; the point C being moved round, keeping 
the string stretched, will describe an ellipsis. 

The points E and F, where the pins were fixed, 
are called the^c^*. 

The line A B passing through the foci, is called 
the transverse axis: 

The point G bisecting the tranverse axis, is the 
centre of the ellipsis. 

The line C D crossing this centre at right-angles 
to the tranverse axis, is the cotyugate axis. 

The lattis rectum is a right line passing through 
the focus at F, at right angles to the transverse 
axis terminated by the curve : this is also called 
the parameter. 

A diameter is any line passing through the 
centre, and terminated by the curve. 

A conjugate diameter to another diameter is a 
line drawn through the centre, parallel to a tan- 
gent at the extreme of the other diameter, and 
terminated by the curve. 

A double ordinate is a line drawn through any 
diameter parallel to a tangent, at the extreme of 
that diameter terminated by the curve. 

The transverse axis A B, and conjugate axis 
C D, of any ellipsis, being given, to find the two 
foci, and from thence to describe the ellipsis. 

Take the semi-transverse A E, or E B, and from 
C as a centre, describe an arc cutting A B at F 
and G; these are the foci. Fix pins in these 
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points ; a string being stretched about the pcttnts 
F, C, G, the ellipsis is described as above. 

Proh. 87. The same being given, to describe an 
ellipsis by a trammel. 

The trammel is an instrument consisting of two 
rulers fixed at right-angles to each other, with a 
groove in CT.ch. A rod with two moveable nute 
works in this groove ; and, by means of a pencil 
fixed in the end of the rod, describes the curve. 
The operation is as follows : 

Let the distance of the first pin at B, from the 
pencil at A, be equal to half the shortest axis j and 
the distance of the second pin at C, from A, to 
half the longest axis ; the pins being put in the 
grooves, move the pencil at A, which will describe 
the ellipsis. 

Prob. 28. To draw a figure approaching to an 
ellipsis with a compass to any length A B, and 
width C D. 

Draw B P parallel and equal to E C, and bisect 
it at 1 ; then draw 1 C and P D, cutting each 
other at K ; bisect K C by a perpendicular, meet- 
ing C D in O ; and on O, with the radius O C, dcr. 
scribe the quadrant C G Q. 

Through Q and A, draw Q G, cutting the qua- 
drant at G ; then draw G O, cutting A B at M ; 
make E L equal to E M, also E N equal to E,0. 
From N, through M and L draw N H and N I; 
then M, L, N, O, are the four centres by which 
the four quarters of the figure are drawn. 

It must be observed, that this is not a true el- 
lipsis, but only an a|^r6ximation to it ; jfor it is 
impossible to draw a perfect ellipsis by means of 
compasses, which can only describe parts of cir- 
cles. The curve of an ellipsis differs essentially 
from tiiat of a circle in every part j and no por- 
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tions of cireles put together can ever feroi an el- 
lipsis. But by this me^ns a figuFe may be drawn, 
which approaches nearly to an ellipsis, and, there-^ 
fore, may be often .substituted for it when a tram« 
md eannot be had, or Ayhen the ^ipsis is tpo 
$mall to be drawn by it. At the joining of the 
portions of circles in this operation, the dei^t h 
perceivable ; and the b^st way is not to join them 
quite, and to help the curve by hapd. 

Prab. 29. An ellipsis^ A G D B, being givpn, to 
find the transverse and conjugate axes* 

Di^w any two parallel lines, A B and C D, cut- 
ting the ellipsis at the points A, B, C, D } bisect 
them in e B,ndjl Through e and J^ draw G H, 
cutting the ellipsis at G and H ; bisect G H at I ^ 
and it will give the centre. 

Upon I, with any radius, describe a circle, cut- 
ting the ellipsis in the fpiir pofnts k^l^ tu^ n ;join 
kf li and 7W, n ; bisect k /, or m w, at o or ^ 
Through the points 0, 1, or I, ju, drstw Q B, cut- 
ting the ellipsis at Q and R ; then Q R wilt be thq 
transverse axis. Through I draw T S, paiallel to 
A?/, cutting the ellipsis at T ^nd S ; and TS will 
be the conjugate axis. 

frdi. 80. To describe an ellipsis similar to a 
given one A D BC, to any given length I K, or to 
a given width ML. 

Let A B and C D be the two axes of the given 
ellipsis.. Through the points of contact A,D, B, 0, 
complete th^ rectat]|gle GEHF; draw the dia- 
gonals E F and G H : they will pass through thQ 
centre at R. Through I and K draw PN and 
O Q parallel to C D, cutting the diagonals E F 
and GH, at P, N, Q, O. Join PO and N Q, 
cutting C D at L and M ; then I K is the trans- 
verse, ancj ML the conjugate axis of an ellipsis, 
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that will be similar to the given, ellipris A DBCT, 
Ijirhich may be described by some of the foregoing 
methods. 

. Prob. 31. To describe a parabola. If a thrwd 
equal in length to B C, be fixed at C, the end of 
a square ABC, and the other end be fixed at F; 
and if the side A B of the square be moved along 
the line AD; and if the point E be always kept 
close to the edge B C of the square, keeping the 
string tight, the point or pin E will describe a 
curve E G I H, called a parabola. 

Thefoctts of the parabola is the fixed point F, 
about which the string revolves. 

The directrix is the line A D, which the side of 
the square moves along. « 

The axis is the line LK, drawn through the 
focus F, perpendicular to the directrix. 

The vertex is the point I, where the line L K cuts 
the curve. 

The latus rectum^ or parameter^ is the line G H 
passing through the focus F, at right-angles to the 
axis I K, and terminated by the curv^e. 

The diameter is any line M N, drawn parallel to 
the axis IK. 

A double ordinate is a right line R S, drawn pa^ 
rallel to a tangent at M, the extreme of the dia- 
meter M N, terminated by the curve. 

The abscissa \^ that part of a diameter contained 
between the curve and its ordinate, as M N. 

Prob. 32. To describe a parabola^ by finding 
points in the curve ; the axis A B, or any diameter 
being given, and a double ordinate C D. 

Through A draw E F parallel to C D ; through 
C and D draw D F and C E jmrallel to A B, cut- 
ting EF at E and F. Divide B C and BD, each 
into any number of equal partSi as four j likewise 
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divide C £ and D. F into the same number of equaj 
parts. Through the points 1, 2, 3, &c. in CD, 
draw the lines 1 ^ 2 6, 3 c, &c. parallel to AB ; also 
through the points 1, 2, 3, in C E and DF, draw 
the lines 1 A, 2 A, 3 A, cutting the parallel lines 
at the points a^ b,ci then the points a, b, c, are in 
the curve of the parabola. 

Prob. 33. To describe an hyperbola. 

If B and C are two fixed points, and a rule 
AB be made moveable about the point B, a 
string ADC being tied to the other end of the 
ruler, and to the point C ; and if the point A be 
moved round the centre B, towards G, the angle 
D of the string A D C, by keeping it always tight 
and close to the edge of the rule A B, will describe 
a curve D H G, called an hyperbola. 

If the end of the ruler at B were made moveable 
about the point C, the string being tied from the 
end of the ruler A to B, and a curve being de- 
scribed after the same manner, is called an oppo- 
site hyperbola. 

Th^ foci are the two points B and C, about 
which the ruler and string revolves. 

The transverse aais is the line IH^ terminated 
by the two curves passing through the foci, if con* 
tinned. 

The centre is the point M, in the middle of the 
transverse axis I H. 

The conjugate aais is the line N O, passing 
through the centre M, and terminated by a circle 
from H, whose radius is M C, at N and O. 

A diameter is any line V W, drawn through the 
centre M, and terminated by the opposite curves. 

A conjugate diameter to another^ is a line drawn 
through the centre, parallel to a tangent with 
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feithier bf the durVfes, at the extreme of the other 
diktrieter terminated by the curves. 

Abscissa is wheh any diameter is continued 
within the turve, tenxiiilated by lei double ordinate 
and thfe cilrve \ theh th(4 part within is called th6 
abscissa. ' 

Double ordinate is a linfe drawn tht^Ugh any dia- 
meter parallel to its Cdnjugati^, and terminated by 
ihe curve. 

Parameter^ Or hiftts recfatn^ is a line drawn 
through the focus, perl)endicular to thfe transverte 
aicis, and terminated by the fciirve. 

Pi^ob. 34f. To describe an hyperbola by finding 
j)oints in the cbrve, having the diamfeter or a*is 
A B, its abscissa B G, and double ordinate D C. ' 

Through G draw E F, parallel to G D j from C 
atttf D dtaW C E aiid D F, parallel to B G, tut- 
iihg E I^ ih E atid 1^. Divide G B and B D, eabh 
liito atty tiiimbet' of e^iial |)arts, as four j through 
the poiht^ bf division, 1, 2, 3j draw lines to A. 
Likewise divide E C and D F into the )same num- 
fefer bf equal partis, vi^. four ; from the divisions 
on C E and D F, dt^iJ\^ litifeS to G j a curve being 
drawn Ihiroligti the intersections at G, Uy *^ &c. 
^H be the hypert)ola requitedi 



PERSPECTIVE. 

!Perspfetttlve is the art of drawing upon a plane 
surface t^e outlines of Ohjeits, so as to give the 
same reJ)resentations to the <^6 that the objects 
thfemselves do in hature. 

This art is of the utWOst im][)Ortaiice in drawinjg, 
arid its study canndt be dis^nfsed with by tho^ 
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wb# wish to m!Qke any proficiency in this art. 
Some knowledge of it ought to be acquired, 
previous to the study of every branch of drawing, 
whether that of the figure, landscape, flowers, &€..; 
foir though its utility may not appear equally evi- 
dent in all these, yet there are many cases in each, 
where it is of indispensable necessity; and an ac- 
quaintance with it will save the student the trouble 
of much wrong thinking, and will enable him to 
avoid many errors which he otherwise must neces- 
sarily fall into« 

It is true, that many people learn to draw without 
^bidying perspective,^ and too many of those whose 
^:Qfession it is to teach this useful branch of edu- 
cation, do not sufficiently recommend to their 
pupils to learn the principles of this science. The 
reason of this it is not difficult to point out. The 
study of perspective, like that of geometry, has in 
itself but few charms, and it is only by being well 
convinced, that without it we can never hope to 
arrive at excellence, and by experiencing how 
much it accelerates and assists us in our practice 
of drawing, that we can with patience and resolu-> 
tion go through studies thsri; certainly appear to 
most people dry and unentertaining. Unfortu* 
nately» f^om this circumstance, and from the ab- 
struse find obscure manner in which it is treated 
off by the generality of writers on the subject^ few 
will take the trouble of making themselves ac- 
quai^^d with a sqience so necessary. 

But thoi^h the undersjU^nding perspective ^&iN 
r^i^k^^ ii^ertmnly does require coninderable geor 
metrical k^o^ledge,; added to great patience and 
pei^vering investigation, yet so mudi as wpuld 
enable those who draw to afv^ making any very 
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glaring blunders, arid render their study of drawing 
much more pleasant and easy, is so far from being 
difficult, that it is astonishing any one should hesi- 
tate a moment about acquiring it. 

Some part of the blame may, however, be fairly 
laid to the want of a treatise on perspective, of 
an easy and popular kind, such as might suit those 
who have had no opportunities of acquiring a 
knowledge of geometry. It would be in vain to 
endeavour to supply this deficiency properly in a 
work of so limited a nature, and which embraces 
so many subjects as the present j yet though our 
plan will not permit us to treat of it so fully as it 
deserves, we shall lay down, as concisely as pos- 
sible, a few of its principal rules, the understand- 
ing of which will be found useful to beginners in 
the art of drawing. 

Explanation of the principal Terms used in 
Perspective. 

The perspective plane is the surface of the pic- 
ture itself^ which may be imagined to be a plane of 
glass placed upright between the spectator and 
the objects to be drawn. Then, if lines or rays be 
supposed to come from every part of the objects to 
the spectator's eye, when viewing them through 
the glass, they would cut the plane in certain 
points ; and if these points were connected by 
lines, they would give the perspective represent- 
ation. It is upon this simple idea that all the 
rules of perspective are founded : they are so 
|nany methods of finding out the above-mentioned 
points; and when the light, shadow, and colour, 
are added, the whole constitutes a picture exactly 
resembling the original. 



Digitized by 



Google 



PERSPECTIVE. 377 

Visual rays are the rays of light which come 
from the drffereut parts of the objects to our eyes. 

Point of sight is the spectator's eye. This has 
been erroneously confounded with the centre of 
the picture, as will be seen afterwards. 

What is called an original Une, is any line in 
Nature, or in the objects themselves, which are to 
be drawn in perspective. 

An original plane is any surface or plane of the 
objects to be represented. 

If we suppose a line to proceed from the eye, 
parallel to s^ny line in the objects we are viewing, 
and to continue till it arrive at the picture or 
perspective plane, the point where it would touch 
the plane is called the vanishing point of the line. 

All lines that are in Nature parallel to each 
other have the same vanishing points. The reason 
of this will be easily seen, if the reader considers 
the method of finding the vanishing point of an 
original line just mentioned; for the same line 
which would find the vanishing point of one, will 
do for them all, and form only one point. 

If we could suppose a plane or surface to pro- 
ceed from the eye of the spectator, in a direction 
parallel to any side of an object which we view 
through the plane of glass, and if it continue'till 
it arrive at the glass, the line which it would form 
by contact with the glass, is called a vanishing line; 
and it is the vanishing line of the side of the 
object which the supposed plane was parallel to. 
. In every ^ic/wre or perspective plane, there is a 
point, where a line drawn from the eye perpen- 
dicular to the picture, would touch it ; this point 
is called the centre of the picture, and is the same 
which is often called in old books on perspective, 
the point of sight. But this is a wrong term for it j 
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the point of sight, strictly speaking, being in Qie 
spectator's eye> and consequently, not any point in 
the picture* Although, from its name, we should 
expect to find it always in the middle of the repre- 
sentation, yet this is by no means the case, for 
sometimes it is near one of the sides, particularly in 
what is called parallel perspective } though gene^ 
rally in oblique perspective, it is in the middle of 
the picture* And here it should be observed, that, 
strictly and properly, it should always be in the 
nliddle of the picture, when circumstances of con- 
venience will admit of it ; for it is that point which 
the jspectator is supposed to look full against, or 
which is exactly opposite to his eye when he views 
a picture, and surely the best way to see a picture, 
is to look directly against the middle of it» How- 
0VW, in many kinds of perspective drawings, it is 
not convenient, on account of room, to have this 
point in the middle, as may easily be imagined by 
considering Plate 6. Big. 1., where G is the centre 
of the picture. 

It will be easily conceived^ from the descripticwi 
ctf* Vanishing points, and the centre of the picture, 
that this last must be the vanishing point of all lines 
thiMt are in Nature perpendicular to the picture. 

If a plane be supposed to proceed from the eye, 
jts before, parallel to the fiodr or level ^ound till 
it arrives at the picture, the iliae where it meets it 
is <ialled the vanishing line of the horizon, or hoti^ 
zorOal Une. This line is of j^eat importance in 
perspective : the centre tif the picture is always 
somewhere in this line. Its height is necessarily 
r^ulated by Uie height of the eye from the 
ground ; in landscapes, a^ vkem of places^ it is 
g^^ally kept one-third ^f tlie bdght of the pio- 
tare from the bottom^ though this rule is iwrt 
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Always adhered tb ^ for when We stand upon high 
ground, the horizontal line rises in proportion^ 
Suppose the vi^w to be taken oh level ground, the 
head of a tnan represt^nted standing on the ground, 
would cohie to this line, and that whether the 
mtui be near or far off$ that is, wherever his feet 
ure, his h^ui must alWajs borne to the horizontal 
line, if he be standing upright on the ground. 
' Distance of the picture tnean$ the supposed dis- 
tance of thfe eye from the centre of the perspective 
plane Or pibtur^. 

This distance miy be chosen at pleasure ; but 
a judicious choice of it is very important^ for the 
variation of this distance affects every perspective 
representation^ so as to render them either pleasing 
or distorted. Long distances, itk general, ^ve tile 
beit representation) but they are not always coti- 
Vi^tiient, ok* to be attained. Experience alone tcan 
direct a pn^er mediuih« 

jPSdrtra/fe/ perspecU'm is where the picture is iswp- 
posed to be ISO situated^ as to be parallel to the 
side ^f the principal object in the picture as a 
buildibg, fbr instancet Then the lines on those 
sides of the building that are parallel to each other 
continue parallel ob the picture, Mkd do not vanish 
into any point f while ihe lines at right angles to 
th^ former vailish into the centre oi* the pictureii 
This WiU be ea:em{^ed in Plate 6. Fig. 1. 

The picture, being supposed to stand pardlei to 
thd ^de of the houne A B C D| the lines A B^ D C» 
wh^ch in Nature ate parallel to each other^ miist 
be imadte puiall^l iA the p^rs^iective repr^seAtatioQ^ 
But the liikes BE^ CF, which in Natuire are .a^ 
right angles to A B, and DC, and, consequently, 
also to the picture, tend towards a point $ and ibk 
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point G, towards which they tend» is the centre of 
the picture. 

Obliqtce perspective is when the plane of the pic- 
ture is supposed to stand oblique to the sides of 
the objects represented; in which case the repre- 
sentations of the lines upon those sides will not be 
parallel among themselves, hut will tend towards 
their vanishing point. This kind of perspective is 
shown in Plate 7- Fig- !• 

A bird^s-eye view is a view supposed to be taken 
in the air, looking down upon the object} and 
differs from the usual way of drawing perspective 
views, only in supposing the horizontal line to be 
raised much higher. 

When an object is to be drawn in perspective, 
all its parts must be measured, so that we may be 
able to lay them down from a scale of equal parts. 

Having determined whether it is to be paralldl 
or oblique perspective, the first thing to be drawn 
is the horizontal line, which is to be put parallel to 
the bottom of the drawing, and as high above it 
as the height of a man's head, as HG, Plate 6. 
Rg. 1., which is five feet six inches above the bot- 
tom of the house. Next determine on the centre 
of the picture G, which must be placed so as to 
leave convenient room for tiie representation. Fix 
on C the nearest comer of the object, and draw the 
perpendicular C B : lay off C D equal to the length 
of the building, and draw D A and A B. From C, 
the nearest corner, draw C G, to the centre of the 
picture. C G now contains the line which repre- 
sents the bottom of the end of the house ; but this 
is an indefinite repriesentation, of which we do not 
yet know the exact liength. The method of deter- 
mining this is as follows : Continue^e lineDCtoI, 
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Und make C I equal to the width of the house. 
From G, the centre of the picture, lay off G K 
equal to the distance of the picture, the choosing 
of which must be regulated by taste. Draw I K, 
Cutting G G in F ; then is C F the exact width of 
the house in perspective, which was equal to C I. 
To find the middle of this end of the house, you 
cannot divide it by your compasses, because the 
farthest half Will appear less than the nearer ; but 
if you divide C I into two equal parts in L, and 
draw L K, it will cut C F into two equal parts per- 
spectively. Or it may be found more simply thus : 
Having drawn the lines B E and C F to the centre 
of the picture, draw the diagonals EC, BF cross- 
ing each other in M, and raise the perpendicular 
M N, which is in the middle of the ^ble-end. 

To find the height of the gable, lay its actual 
height above B E, upon the comer line B C con- 
tinued, as B O, and draw O G ; this crossing the 
perpendicular M N, gives N the point of the gable. 
The top of the chimney must be drawn in the same 
manner, by laying its real height, taken from a 
scale on OP, and drawing PG, lay off Lm and 
Ln, each equal to half the width, and draw from 
these points to the distance point k ; this will cut 
the bottom of the house C F, in the points o and^ j 
from these draw perpendiculars, which will give 
the perspective width of the chimney. To obtain its 
thickness, lay off PQ equal to its thickness, and 
draw Q G J then drawing from a the line a i, you 
obtain the exact width of the chimney. From b 
draw b r, and from d draw dc. The other end of 
the gable may be drawn by two difierent methods. 
The first is by supposing the front of the house 
transparent, and drawing the other end as if seen 
through it, in the same manner as the epd we have 



Digitized by 



Google 



382 PBRaPBCTiY*:. 

deseiibed, by laying its width from D to R, imd 
(kawing to the distunoe-point K. By raising tH^ 
perpendicular in the middle, yo^ ^11 m^et tj^e 
ridge^line from the other gable in (f. The o^h^r 
method is as follows: Through the ?eintre pf the 
picUir^ G draw the line S T, upwards, and down^ 
wardsi, md perpendicular to the hgrizontftl liqe. 
Then continue the lin^ of th? ropf 3 rf till it wee^ 
S T in S, From A dr^w A S, which mil give the 
other, gable, and S will b« the vanishing point far 
all line* parallel to B (j? and A 4i if N E be conU-^ 
nued in like mannery it will give T for its vftwsh* 
ing point* The doors and windows on the side 
A B C D are laid down froift a 9oal?, because that 
sidc^ being parallel to the picture, does not vary 
from its geometrical delineation, eKcept shewing 
the thickness of the reveals^ or edges of the doors 
and windows. If there had bepn any windows in 
the side B E F C, ^hey would be drawn in perspec- 
tive by the same method that was used for finding 
the width of the house and the middle of the end; 
viz. by laying off the actual dimensions from C upon 
^C I, and drawing from these points tp the distance- 
point K, which would transfer these divisions to 
the bottom of the house CF, and then perpendicu- 
lars might be drawn upwards. 

This practice ii5 faatber explained by the foUowr 
ing rule. 

To divide a line in perspective which is parallel 
to the horizon, and which tends to a vanishing 
pmnt, into any number of equal parts; or to divide 
it in any required proportion. 

Let AB be the line genng to its vanishing>-pcHnt 
C (Fig a.); and first let it be required to divide 
that line into six equal pa^ts. Let C D he the horiT 
zontal line, and AE the ground-line di'awh parallel 

10 
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to it. Lay off, at pleasure, CD for the distance of 
the picture, if C be the centre of the pictui^^ 
Praw a line from D, touching the end B of the; line 
to be divided: draw DB£, cutting the ground- 
line in E. Then A£ represents the actual dimem 
sions of the line AB, which is seen in perspective* 
(Here it may be observed, that this gives a ruie 
also for finding the real length of any line which 
tends to a vanishing-point.) Divide A£ into the 
same number of equal parts into which you pro* 
posed to divide the ^ven line AB} as Al, Ig, 23, 
&c. Then from these different divisions draw liqos 
to D, cutting the line AB in a, b, c, rf, &Cm which 
will represent the required number of equal parts, 
but diminishing in size as tliey are farther removed 
from the eye. If it be wished to divide the line 
AB into any number of unequal parts, or to lay off 
^ doors, windows, &c. upon it, the line AE, found as , 
before, must be divided in the required proportion ; 
and lines drawn from those to D will give the re- 
quired divisions on AB, &om which perpendiculars 
may be drawn for the doors, windows, &c« 

To draw a circle in perspective. 

The perspective representation of every circle is 
a r^ular ellipsis, when the eye is without the 
circle, which may be demonstrated, by considering 
that the rays from the circumference of the circle 
to the eye, form an ablique; cones But it is well 
known tb those who are acquainted with conic sec* 
tions, that every section of a cone, whether right 
or oblique is a true ellipsis, except in one case only, 
which is, when the section is taken subrcontrary tp 
its base, a situation which happens bo rarely in. 
drawings, that it may be disregarded altogether, 
and the section of a cone, or the perspective of a 
circle, in all cases considered as a perfect ellip^i^. 
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The most correct and easy method of drawing an 
ellipsis is to find the transverse and conjugate 
axes, and then to complete the curve by a trammel, 
or by hand* But as it is very difficult to find the 
transverse and conjugate axes of the ellipses which 
are the perspective representations of circles, re- 
course is generally had to another method of 
obtaining the curve. The circle is circumscribed 
by a square, as K L M N, in Fig. 3., and the dia- 
gonals and the lines across the centre, and paral- 
lel to the sides, are drawn; also the lines, aU 
cd, are drawn parallel to the sides, through the 
points where the circle is cut by the diagonals. 
This square, with all these lines drawn across it, is 
now put in perspective as. follows : Draw A B for 
the horizontal line, and fix B for the centre of the 
picture, and A B for the distance of the picture. 
Make DC equal to the width of the square, and 
draw C B, DB } draw C A to the distance-point A, 
cutting offDG equal to the depth of the square; 
then draw G F, parallel to D C, which completes 
the perspective of the square ; also draw the diago- 
nal DF. Take now the. distances M/z, cN; and 
transfer them to D o^, o C; from these points a: and 
draw lines to the vanishing point B, cutting the 
diagonals of the square. The points in this reticu- 
lated square in perspective, which correspond to 
those in the square KLMN, where the circle 
passes through, must now be observed, and a curve 
traced through them with a steady hand : it will 
be the perspective required. Even in this process, 
it is of considerable use to know that the curve you 
tKre^MCing is a regular ellipsis ; for though you can- 
not easily ascertain liie^nces ca?»c%, yet you may 
very nearly ; and the eye very soon discovers 
whether the curve which has been drawn, be that 
of a regular ellipsis or not. ' 
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U|)on the same principle the row of arche§^ 
(Kg. 4.) is drawn. The wiclth of the arches and 
piefs id obtained in the same manner as wad shown 
in Fig. 2. ; viz. by Isying their dimensions upon the 
ground-line AB, and drawing lines to the dis-^ 
tance*point. Th6 curves of the arches are theiv 
found, by drawing the lines which correspond to* 
those in half the square, Fig« 3., in the same man* 
net Its described above for the circle. 

Jig. 5. shows the slppearance of circles drawn upon 
d cylindei-Z^hen H I is the horizbnital line. The 
circle drawn od the cylinder at that place is deeii 
Exactly edgeways, and appears only as a straight 
line J that next above it is seen a little under- 
neath; the next still more; and so on, asthey^ 
rise higher, appearitig like S6 many ellipses of ihe 
same transverse diameter, biit whose conjugate 
diameters continually increase in length as they 
rise above the horizontal line. On the contrary, 
you see the under sides <rfthe circlea drawn below 
the horizontal lines j but they observe the same 
law, being so many ellipses whose conjugate dia* 
meters vary in the same proportion. A little re-- 
flection on this simple example will enable those 
who draw to avoid many ridiculous mistakes which 
are sometimes committed, such as showing the two 
ends of a cask, or the top and bottom of a cylinder^ 
at the same! tinde.^ 

PL 7- Rg- 1- shoWs the tnethod of drawing a 
building, or other object^ in oblique perspective. 
A B is the horizontal line, and C D the ground-line 
parallel to it as before. Here neither of the sides: 
of the house is parallel to the picture, but eaclv 
goes to its re^ective vanishing point. Having 
fixed on the nearest comer E, draw EB, at plea-- 
sure, for one side, and choo^ any point F for tbe^ 
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<?entreoftl>fr picture J then, to find tlie other side, 
lay (rfF EG equal to the distanpe of the picture, 
which, lis before, depends upon taste only; draw 
BG and G A perpendicular to BG, cutting the 
horizontal line in A, the other vanishing point. 
J^ftW naw E A for the otlier side. To cut oif the 
several widths of the two sides of the house, whkb 
as yet are only drawn to an indefinite extent, two 
distance-pointy must be laid down, viz. one for eacl^ 
vanishing point. To do this, extend the compass, 
from B ta G, and lay the distance taken in it from 
^ to H, which will give H for the distance-point of 
Bf and which is to cut off all the divisions on the 
side E B. Also extend the compasses from A G,. 
and Hy down A I. I is the distance-point of A, 
s^nd is used for transferring all divisions upon the 
»de E A, from the ground4ine CE. These points* 
and lines being adjusted, the process is not much 
different from parallel perspective ; only here, equal 
divisioi^s oa each side of the building, as doors, win^ 
dows^ diminish, as they recede, in the same way as 
on the side B E F G, PL 6. Fig. 1. Take the real 
length of the side £ L,. from the same scale used for 
laying down the horizontal lin^, and lay it down on 
tjie groundrline from E to C, and draw C I, cutting 
off £ L for the perspective length of the building, 
^or the other side of the house, lay its width down 
in the same manner, from £ to D, and draw D H, 
qutting off E N for the perspective width. Raise 
the perpendiculars £M, LK,^ and NO, for the- 
ibree angles of the house. Lay the height of the 
building upon the corner that comes to the ground- 
lfne,as EM, and draw MK and MO to their several 
vanishing points. Also lay all the heights of the 
doors and windqws, and other divisons, upon E M, 
and draw them to the vanishing points A and B. 
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To lay down the widths of the doors and windows, 
put their actual widths upon C E, and draw from 
them to the distance-point I, which cuts off all 
divisions upon the side L E, and then raise the per- 
pendiculars. The gable-end is found exactly hi 
the same manner as was described in PI. 6. only 
taking care to use the proper distance-point H. 
The manner of finding the width of the chimney is 
different. Lay offba for the height of the chimney 
above the top of the gable, and draw a c pariallel to 
the horizontal line ; then put a r equal to the actual 
thickness of the chimney, and draw ad to the 
vanishing point A ; draw also cd to the distance- 
point I, cutting off ad in d: then having dra\m ef 
from the nearest corner of the chimney, which 
was found as in PL 6. Fig. 1. Draw df to the 
vanishing point B, cutting off ef tot the exact per- 
spective width. 

Fig. 2. represents the method of finding the pef^ 
«pective of a circle in oblique perspective. AB is 
the horizontal line, C the centre of the picture, and 
D, E, the distance-points. The process is exactly 
the same as that just described, the several divi- 
sions of the reticulated square in PL 6. Fig. S. 
being laid upon the ground-line FG, and from these 
lines are drawn to the distance-points. The per- 
spective of the square is then drawn with all the 
lines across it, and the curve traced through the • 
different points. 

By drawing these examples frequently over, to 
' large scale, and reflecting upon them with atten- 
tion, the student will become familiar with their 
use; and as they include the cases which most fre- 
quently occur, he will find great benefit fr&m the 
knowledge of them. 

c c 2 
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. The study of the human figure has always Been 
considered by artists as tlie most important p^it of 
the art. It is the most difficulty and is by many 
.considered as contributing the most of any to 
^en^ral improvement ; though there are some viho 
^wry tibds idea to too great ane^tent^ saying, that 
M person who can draw the hums^i ^ure well can 
4raw every thing besides* But this^. it is well 
^nowuy is not the ca^e ;. there being ma^y attijsts 
„who can draw the figure very well who cannot 
inw landscape not arehitectui^-' To driw ^ny 
l^ing well ^e^ires a particular study^ T\m stody 
4>f the figure, however^ iucludes att the ftaest porai^ 
iriples of the *rt j and wheAthe eye of the s^tU^fit 
has been accustomed to copy faitbfuUy all the mi-? 
jmte cireuittst^nces whicb constitute the character 
^f a %ure,. md to? attend to the Hmumer^Ue h^am 
tie» and graoeful forms y^hich it presents^ lie wiU 
be better qjuaUfied to pursue witb advantage evefy 
Qthar branab of the feie arts. 

In learnit% 1^ dfiLW the. h«PBdQ^ %ure, it is oe-r 
ce^sary to b^tf with eafcb of the pa^ts- separately, 
9Xkd after suflici^t practice in that way, to proceed 
to put them togeth^ in tbe complet^figiire^ 

The head being the BMst importmt pwt of thir 
human body, it should be studied firsts. For this 
purpose, the ^tud^t diould copy the best drawitigs 
be cm procure of the j^ft tHouthi tmi^^ and ^4r, 
^^fvr^ely and on a large scale } at^d of the^e^ a 
fir<»it yie:W> plJQ^e. or side view,.0bliqu^vifew^ ^c. 

The bert i?aa^ria|^ fot drawing thepfe.as Wj^.as 
all other parts of the figure^ is hl^gik ch^k^ or l^^k 
lead^ the former may be used either upon white 
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paper, or 'apon middle4int paper ; and in that case, 
white chalk may be i»ed for la3ring on the lights. ' 
Black lead is only used upon white paper. A 
piece of soft charcoal may be made use of for first 
sKghtly sketching in the general form, which must 
afterwards be- gone over and corrected with the 
black chalk. The false lines of the black lead may . 
be removed by the Indian rubber ; but we would 
recommend to be as sparing as possible of this, as it 
IS more improving to endeavour to draw every 
thing c<MTect and dedded at once, and not trust 
to the being able to erase the lines which are' 
^rong. 

The shadows may be laid on by drawing paralld 
curve lines, accor£ng fo the »taa1ioQ of the part, 
crossing them occasionallyr and aoftening them in. 
with more delicate lines, where nfecessary. 

AH the parts of a human %ure are composed of 
curved surfaces: no straight lines are ever admis* 
sible ; but every line should have a graceftd tu!m ; 
and it is thi& circumstonce partieularfy that occa- 
sions the study of the figui^ to give so much 
freedom in drawing. 

Care should be tak^i, tbafi no Kn^ ever cross 
cacb other at righfc angles, whioh gives a disagree- 
sUlei^t-Rke appeairance ;^ imih^ should the cross^ 
ings be too obUque, a^ tlien they are confused : a 
proper medium will be acquired by the study of 
;good drawings or prints; in general, however, 
crossing ^uld be avoided as much as possible. 

Sometimes the 8faadbws> are rubbed in, or their 
cdg^^^ are softened wiith a sttrnp^ wMcb is a very 
oitpecfitioiis way, and produces a fine efflfect ; but it 
i^uld be used with discretion^ m it is better to 
oi^cute tiheshaidows in a dearand'regular mannei^ 
A^y soft tines. 

c c 3 
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.Care should be taken not to make the lines harsh 
and hard, like those of an engraving j they should 
be softer and more mellow. On this account, 
dramngs are much better to learn from than 
prmtsj as, by copying the latter, the student la. 
ve^apt to acquire a dry and hard manner. 

iiut we particularly caution him to avoid copy- 
ing with a pen all the lines in engravings used for 
tiie shadows, which some, who have not been ac-. 
customed to see good drawings, are apt to do. 

Many productions of this kind have been exe. 
cuted with an immeqsity of labour, and have been 
thought very fine by those who had but litUe 
knowledge of the art ; yet artists, and those who 
are good judges, always lament to see so much 
patience and labour misapplied. 

In copper-plate engravings, shadows are gene- 
rally produced by lines: but this arises from the 
nature of the process; and in drawing, which is of 
a;ve^y drjferent nature, there is not the same ne- 
cessity for them. In general it should be. ob- 
served, that the less labour there appears in any 
drawing the better j and that though eveiy possi- 
bk pains should be taken to make drawings or 
pamtings excellent, yet this labour should be al- 
ways disguised as much as possible, and the whole 
Should appear as if executed with the greatest ease. 
_ In learning to draw, it is of more importance 
than IS generally supposed, to copy from the 
ofatn '"*{•* ^'^" '"o^t prejudicial quality, 
tlTll '""'^r"*^ The badstrike and dis- 
gust ; _ but those that are not good, nor absolutely, 

S f^^'fl'!^''' ^y offering a dangerous faciKty.. 

It IS for this reason that engraving contributes to 

.•l^.P^^^^fof the arts., when it is employed on 

subjects that are judiciously chosen Jut^? to^ 
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often prejudicial, by the indifferent works it muIU-^ 
plies without number. But let Raphael be copied 
by skilful engravers, let a young artist profit by 
his labours, and works without dignity and ex- 
pression will soon become intolerable to him ; he 
will perceive to what an devation the excellence 
of the art can raise him. 

<* The way to avoid mediocrity, is by the study' 
and imitation of beautiful productions ; or, in 
want of them, of the most finished translations that 
have been made from them j for so we may call 
beautiful prints. Let a young draughtsman study 
the heads of Raphael, and he will not see without 
disgust the sordid figures of indifferent painters. 
But if you feed him with insipid substances, he 
will soon lose the taste necessary to relish great 
excellencies. In the one case he will advance 
firmly in his career: in the other he will conti-^ 
nually totter, and even not be sensible of his own 
weakness.*' 

Having copied frequently the parts of a face, he 
is neitt to proceed to the entire head ; drawing 
first a frottt view, then a profile, a three-quarter^ 
and so on ; varying it in every possible direction, 
till he is thoroughly acquainted with the appear^ 
ance of all the principal lines in every situation. 
In making these studies, he should be contented at- 
first with drawing mere otUUnes^ as they are by far 
of the most importance ; and it should be remeoK 
bered in general, that to make a good outline \& 
always the most desirable attainment. 

The student should now accompany his lessons^ 
by making observations on good ctisU and living 
models; but nu^re particularly the former, as in(fi-> 
vidual nature is seldpm fine, and tbereis dstdgerof 

tec 4 
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copying what is ^d, and acquiripg i^se ideas oi 
hemty. 

By these exercises he will have acqi^ired some 
i&cility in handling his pencil, and h^ will be thus 
pjrepared for the study of the whole figure. But 
before he caij proceed to this with advantage, 
we would recommend to him the study of 
anatomy. 

. An artist who is not acquainted with the form 
and construction of the several bones which sup- 
port and govevi^ the human frame, and does not 
know in what manner the muscles moving those 
bones are fixed to them, can make nothing of 
what appears of theqi through th^ integuments 
with which they are covered j and which appear- 
ance is, however, the noblest object of the penciL 
It is impossible for an artist to copy faithfully 
what he sees, unless he thoroughly uqd.(9r^tp.nds it. 
Let him employ ever so much time and study in 
the attempt, it cannot but be attended with many 
and great mistakes ; just as it must happen to a 
mgn who undertakes to copy som^ing in a lan-^ 
gii^gj^ ^hich h^ does not understand, or to trans^ 
l^t<9 into his own wl^at basi been writtea in anther* 
09 a #i|bject with which he is not acquainted, 

Bi^t it is not necessary for him to study anatomy 
a^ a surgeon, nor to make himself acquainted with 
2^ the n^Tves, viein^, &c. It is sufficient to study 
iJse pkejetoq, mi the n3tu9des whi<^ cover them^ 
mi of thei^, hjB should most piarticularly mi^e 
himself familiar with those muscles which most 
fteqp^ptjy appear and cocoe into action. 

Ffif this p^5pQse, he should procure plaster casta 
oSf the SLmtomy of the hiiamn body, and consuk 
teatises y^ntim upon the suibgect# and if he have 

19 
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opportunity, it will be proper afterwards to attend 
^cussions and lectures on anatomy. 

He should also use every possible opportunity of 
making observations on the actions of the muscles 
in nature. 

Being thus thoroughly prepared, he will be en- 
abled to draw the human figure with great advan- 
tage, and he will make a more rapid progress than 
he could have done without these previous studies. 

Symmetry t or proportion^ will be best learned by 
copying after the antique statues, of which plaster 
casts may be easily procured. Nature, which in 
the formation of every species seems to have aimed 
at the last degree of perfection, does not appear to 
have been equally solicitous in the production of 
i^viduals. Parts of individuals are freqijently a$ 
beautiful as possible, but a complete whole is never 
to be met with. 

The practice of the ancient Greek statuaries 
was to select from various individuals the most 
teaiitiful piui^s, and by combining them to pro- 
duce figures more perfectly beautiful than nature 
ever presented. . 

Till the student has thus imbibed a proper relish 
for beautifiil proportions, and been well grounded 
in their principles, he should not proceed to draw 
from living models^ 

In drawing frcMn plaster casts, a good deal de- 
pends upon choosing a proper vieiw, and placing th^ 
model properly with regard to the light, which 
should always come i^ obliquely from above, a^ it 
generally does in the daytime^ If a can(Me be used, 
it should be so high as to ca^ the light downwards 
npaa f^e model. The light should only cdme 
fron^ one part, as cross Hghts will distract and' 
^polt th^ shadows^ 
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After the student has with indefatigable labour 
and persevering zeal gone through all these studies, 
and acquired a facility of drawing the human figure 
in every possible situation, and under every variety 
of form and circumstance, a great deal remains for 
him still to do, before he can be considered as an 
artist^ He has as yet conquered only the mechani- 
cal difficulties } but his mind must be cultivated, 
and he has all the higher and more refined parts of 
his art to study. 

It is the business and duty of the naturalist and 
historian to draw objects as they find them, and 
represent them with all those imperfections and 
blemishes to which, as individuals, they are sulv 
ject. But an ideal painter, and such alone is a true 
painter, resembles tbe poet; his creative fancy 
soars above common nature, and he represents 
objects endued with all that perfection which 
belongs to the species, but which is rarely found in 
^e individual. 

A good choice of subjects for the exercise of his^ 
pencil is now to be considered* For this purpose, 
he should enrich his mind with a great variety of 
knowledge: historians and poets should be his con- 
stant companions; and he should make himself 
acquainted with the customs and manners of an-' 
cient as well as modern nations* 
. His invention should now be continually exer- 
cised, and free scope should be given to the wildest 
sallies of his imagination, which, however^ should 
never exceed the bounds of probability. 

** It is indisputably evident,'* says Sir J. Rey- 
nolds, ^' that a great part of every man's life must 
be employed in collecting materials for the exer« 
cise of genius. Invention^ strictly speaking, is 
iitUe more than a new combinatiqn of those iw^es; 
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which have been previously gathered and deposited 
in the memory. Nothing can come of nothing; 
he who has laid up no materials, can produce no 
combination. 

" He should study^the works of former artists, 
learn what subjects they have painted, and how 
they have treated them. A student unacquainted 
with the attempts of former adventurers, is always 
apt to over-rate his own abilities, to mistake the 
most trifling excursions for discoveries of moment, 
and every coast new to him, for a newly-discovered 
country. 

** On whom, however, can he rely, or who shall 
show him the path that leads to excellence ? The 
answer is obvious : those great masters who have 
travelled the same road with success are the most 
likely to conduct others. The works of those who 
have stood the test; of ages, have a claim to that- 
respect and veneration to which no modern can 
pretend. The duration and stability of their fame 
is sufficient to evince that it has not been sus-, 
pended upon the slender thread of fashion and 
caprice, but bound to the human heart by everjr 
tie of sympathetic approbation. 

** But though these masters should be studied, 
they should not be servilely followed. The stu- 
dent, instead of treading in their footsteps, should 
only keep the same road. He should endeavour 
to invent on their principles and way of thinking j 
he should possess himself with their spirit; he 
should consider how they would treat his Bubjcct,> 
and should work him3elf into a belief that they ate 
to see> and criticise his picture when completed^ 
Every attempt of this kind will rouse his powets/' 
: Whenever a story is related, every mail fiwrmsi a 
inctiire in:his milid (^ the action and tbeexpr&sioiu 
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of the persons employed* The power of r^re^- 
senting this mental picture on canvass is what we 
call invention in a painter. 

In the conception of this ideal picture, all the 
little circumstances should be contrived in such a 
manner, that they shall strike the spectator no 
more than they did himself in his conception 
of the story<. Thus there must be a principal 
object, which should receive the principal mass 
of light ; and though a second and third group 
may be added, and a second and third mass of 
light, yet they should be all kept so subordinate, 
that they do not come in competition with the 
principal. 

In the design or composition of a picture, sitiu 
pUcity is of tibe first importance* The story should 
be distinctly told, and nothing should be introduced 
but what is absolutd^y necessary. 

Among the most difficult and important of the 
higher branches of the axt, m the expressions of the 

It is not enough for a paiBter to delineate the 
most exquisite forms, give them the mosd graceful 
attitudes, and compose them well together? he 
must express by their actions and counteimnces the 
skate of their minds j they must appear to feel and 
to think; 

.Many have written, and amicmg the rest the 
^tnous. Le Bras^ cm the varkma changes that^ 
according to various passkms, happen in the muscle 
qf the face. They observe, for example^ that ia 
fits of anger, the fkce reddens, the mnsdes of the^ 
%s puff out, the eyeR spadde; and thalv on the 
Contrary,^ mfits: of melandialy, the e^es^ grow mo* 
tioidess. and dead^ the&cepsde, and the lips sink 
ifx^ It 1112^ be oi service to a painter to read them 
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and such other remarks ; but it will be^f infinitely 
more service to study them in nature itself, from 
which they have been borrowed, and who exhibits 
them in that lively manner which neither tongue 
isor pen can express. 

The cohering must be regulated by the same 
general principles as the composition. Gaudiness^ 
and f^Bie ought to be studiously avoided, and a 
quietness and simplicity should reign through the 
whole work. In landscapes, distinct and unbroken 
colours, such as green, red, &c. are seldom or ever 
admissiUe ; the tints should be always varied and 
broken. But in historical subjects^frequentty, dis* 
tinct cdburs are employed^ but they must be 
placed with respect to each other^ so that the effect 
of the whole be harmonipus. 

The art of dii^sing the drapery makes a very 
considei*able part of the painter^s study. To make it 
merely natui^ is k mechanical operation, to which 
neither genius nor taste are required^ whereas, 
it requires the nicest judgment to dispose the dnu 
p^, so that the folds have ^n es^ commimication^ 
and gracefully fdlow each other with such natural 
negligence, as to look Uke the effect of chance, and 
at the same time show the %ure under it to the 
utiiost advantage. 

In the higher style cf painting, the difference in 
the materials of which the drapery is composed^' 
tlmt is, whiether it is silk, linen, wooll^i, &c. is 
never remarked ; it is »mply drapery, and nothing 
more. 

We have now treated^ as fully as our Hmita wfll 
permit, of the various excellencies necessary to be 
acquired by an artist. . It will be ^tsily perceived, 
that to accomplish all these c^ects^is by tk> means 
»iea^task. ^ — ^ 
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In some, an inclination to pursue the arts 
appears at a very early period of lif e^ and it is often 
difficult to ascertain the circumstance which gave 
tliat particular impulse to the mind ; though there 
must always be some accidental circumstance, not 
depending upon ourselves, that creates in us tliat 
desire. 

When a boy is possessed of good talents, and 
has so strong a passion for the arts, that scarcely 
any thing can restrain him, there can be little fear 
of his doing well, if suffered to follow the bent of 
his inclination } but without this, nothing should 
induce him to engage in a profession of so arduous 
a nature, and which requires such unwearied appli- 
cation. He may learn to draw the correct outlines 
of buildings, and other regular objects, by the rules 
of perspective j but the forming fine pictures, so as 
to affect the mind, is an art not reducible to rule y 
and though much may be taught, yet much more 
will ever depend upon the mind of the artist. Here it 
is that the existence of a quality which distin- 
guishes one man from another is so obvious; 
This has been denominated by various appellations, 
none of which are capable of being correctly de- 
fined* It has been called genius, taste, sotd, mind, 
and a variety of other terms, all of which are inde* 
finite, and prove that we know but littie of our 
own nature.^ 

It will be foreign to our purpose to enter into any 
discussion on this subject; but we shall add a pas^ 
sage relating to it from the lectures of the late Sir 
Joshua Reynolds : " There is one precept,'* he 
observes, " in which I shall be opposed only by 
the vain, the ignorant^ and the idle. I am not: 
afraid tl^t I shall repeat it too often. You must 
have no dependence on your own genius. . If you. 
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kave great talents inckistry will improve them: if 
you have moderate abilities, industry wili supply 
their deficiency. Nothing is denied to well-directed 
labour; nothing is to be obtained without it« Not 
to enter into metaphysical discussions on the nature 
or essence of genius, I will venture to assert, that 
assiduity unabated by difficulties, and a disposition 
eagerly directed to the object of its pursuit, will 
produce effects similar to those which some call 
the result of natural powers. Though a man can^ 
not at all times, and in all places, paint or draw» 
yet the mind can prepare itself by laying in proper 
materials, at all times and in all places/' 

*< I cannot help imagining that I see a promise 
ing young painter, equally vigilant, whether at 
home or abroad, in the ^streets or in the fields.. 
Every object that presents itself is to him a lesson.. 
He regards all nature with a view to his profession,, 
and combines her beauties, or corrects her defects* 
He examines the countenances of men under the 
influence of passion, and often catches the most 
pleasing hints from subjects of turbulence or de- 
formity. Even bad pictures themselves supply 
him with useful documents ; and, as Leonardo da 
yinci has observed, he improves upon the fanciful 
images that are sometimes seen in the fire, or are 
accidently sketched upon a discoloured wall/' 

<*The artist who has his mind thus filled with 
ideas, and his hand made expert by practice, works 
with ease and readiness; whilst he who would 
have you believe that he is waiting for the inspir- 
ations of genius, is in reality at a loss how to begin» 
and is at last delivered of his monsters with diffi^ 
culty and pain.'* 

" What then,*' exclaims Gesner, " must be the 
fate of thQse who do pot join an inflexible labour. 
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to an habitual meditation? Let the fti^t who 
despises or neglects these important tbe^fiis Inake 
no pretension to the recompense due to active Md 
sensible minds. There is no reputation for him, 
to whom a taste for his art does not become his 
ruling passion ; to whom the hours he employs in 
its cultivation are not the most delicious of hi» 
life ; to whom the study of it does not constitute 
his real existence and his primary happiness ; id 
whom the society of artists is not, of all others, the 
most pleasing ; to him whose watchings, or dreams 
in the night, are not occupied with the ideas of his 
art; who in the morning does not fly with fresh 
transport to his painting-room. But, of all others, 
unhappy is he who descends to flatter the corrupt 
taste of the age in whicli he lives, who delights 
himself with applauded trifles, who does not labour 
for true glory, and the admiration of posterity; 
Never will he be admired by it; his name will 
never be repeated ; his works will never fire the 
imagination, nor touch the hearts of those fortun- 
ate mortals who cherish the arts, who honour their 
favourites, and search after theii- works." 

The Drawing of Landscapes. 

Every one who wishes to learn to draw land- 
scapes should begin by the study of perspective. 
'Hiis will enable him not only to understand and 
dm^ all the parts of buildings which so ftequently 
form a principal feature in views of places, but 
will also give hini true ideas of the method rf ex- 
pressing distances, the winding of roads, aftd d 
variety of particulars that are continually occurring. 

Having made himself master of the principal 
difficulties in perspective, he should next cq>y 
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some good drawings j and here it is of great im- 
portance that what he copies ^r^^, should he very 
ea:cellent; for' it is an absurd notion, that indiffer- 
ent drawings will do to begin with, or to bring the 
hand in^ as it is termed; but, it has been justly ob- 
served, the most likely effect these can produce - 
will be to put the hand out. 

In choosing drawings to copy for beginners, 
particular attention should be paid to select those 
where the outlines or forms of the objects are dis- 
tinctly and correctly drawn, and not those in 
which a good effect only has been principally aimed 
at. The first thing to be studied, is to be able to 
express with the black-lead pencil, decidedly and 
truly, the forms of all sorts of objects ; and till this 
is attained, no attempt should be made at finished 
drawings or pictures. 

Black-lead is the most useful material for drawr 
ing the outlines of landscapes, which are best 
executed with this alone, and should not be gone 
over afterwards by the pen, which, except it be 
very judiciously managed, generally gives an ap- 
pearance of hardness. 

Indian ink alone should be used for the shado^YS 
till the student has advanced very considerably ; 
nor till then should colours of any kind be Used. 
Beginners are always desirous of producing pictures 
and making coloured drawings; but nothing is more 
hurtful than the practising this too early. The first 
thing to be learned, is to draw forms correctly; next, 
the mode of shadowing objects truly ; then the ge- 
neral light and shadow of a drawing, and with this 
good composition. All this is best learned by 
using black lead, black chalk, white chalk, Indian 
ink, and these separately or combined, according 
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to the taste of the student ; avoiding colours till 
he has made considerable progress. 

When colours are employed, they should be 
used with great caution and judgment. Nothing 
is so disgusting as to see coloured drawings where 
the reds, greens, and blues, are laid on in the most 
violent manner, without any regard to harmony. 
Those who execute such vile daubings will say, in 
their defence, that nothing can be greener than 
grass, nor bluer than the sky; but they should 
consider, that nature employs such a multitude of 
little shadows, and such a variety of diflFerent tints 
intermixed with her colours, that the harshness of 
the original colour is corrected, and the eflFect of 
the whole is very different from a raw and distinct 
colour laid upon white paper. Though we should 
have recourse to the study of nature, in preference 
to any master, for the study of colouring, yet it 
requires some judgment to know -^^hat part of 
nature is to be studied, and what is to be avoided ; 
for in nature herself, there are many parts which 
are bad ; and to copy them, would do more harm 
than good. The student in colouring may exa- 
mine, with every possible attention, the colouring 
of old walls, broken and stained by time and the 
weather, old thatch, old tiles, rotten wood; in 
short, all objects which are covered with moss, 
stains, and tints of various kinds ; there he will find 
all that is most perfect and harmonious in colour- 
ing. Let him copy these with every possible care, 
and avoid as bad all new buildings, new railing, 
and objects which are of a uniform decided colour. 
This has been the practice of all the great masters 
who have excelled in this captivating part of the 
art. In short, after learning the first principles of 
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drawing, he cannot too soon have r^our^e ta na,- 
ture } he will obtain from her th^ material* ftff ac^ 
quiring every species of excellence, in a greater 
degi^ee than from the works of the first masters. 
The study of these, however, will greatly abridge 
his labour, and it should go hand in hand with 
drawing from nature. 

The fewer colours that are used in a drawing, 
the better, as harmony is most easily pj^serv^ | 
and by the mixture of a few, evefy possible tini 
may be obtained. 

It was mentionedji when treating on optics, that 
the sun's rays were considered by Sir Isaac Newton 
to be composed of seven primitive colours j but 
all the vast variety of tints which we see in nature 
may be formed by the mixture of red, blue, and 
yellow, in various proportions. If we had pig- 
ments of these colours perfectly pure, we should 
have no occasion for more than these three ; but 
this is not the case, and therefore we are obliged 
to have recourse to materials of other broken tints. 
The colours that are found to be the most useful in 
drawing landscapes in water-colo.urs» itre^ lake, 
indigo, Prussian-blue, gamboge, light red, yellow 
ochre, burnt terra Sienna, burnt umber, and Cologne 
earth* Some of the other colours may be occasion- 
ally useful, but these are all that are necessary ^ 
general use. 

The best sort of water-colours are those mix^ 
with gum and made up into cakes, as tbrese may be 
used by rubbing upon a tile, in the same manner as 
Indian ink. 

Mechanical Drawing. 

We have given the name mecJtanical drawing 
to that mrt of delineation which depends entirely 
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on geometrical rules, and which is executed by the 
use of the ruler and compasses: such as the draw- 
ing of plans, elevations and sections of buildings, 
machinery, &c. This species of drawing is of very 
extensive utility, and is of so easy acquirement 
that it may be learned by every person in the same 
manner as writing* 

For this purpose the geometrical problems should 
first be carefolly and neatly drawn, and the hand 
should be accustomed to the use of the compasses 
and drawing-pen. Then the architectural mould- 
ings should be studied, ^s they occur not only in 
buildings, but also in cabinet-work, machinery, and 
almost all kinds of implements. 

In this kind of drawing the outlines of objects 
are laid down from actual measurement, by scales 
of equal parts; and the lines are drawn first with 
black lead pencil, and afterwards with ink, by 
means of the steel drawing-pen. The shadows also 
are added in Indian ink, and are drawn by rules 
that are established with mathematical precision. 

OF THE MECHANICAL MEANS FOR COPYING 
DRAWINGS. 

There ai-e various methods by which those who 
are igncwrant of the art of drawing may copy very 
accurately the outlines of pictures, prints, and 
drawings J and these methods are often useful to 
those who can draw, and to engravers, when either 
great expedition or great accuracy is required; 
though none of them should ever be used by one 
who is learning to draw. 

Tracing against the Light. 

Hold the drawing you wish to copy against one 
of the panes of the window; or have a pane of 
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glass put in a frame, and fitted up like a music- 
stand, with a candle behind it. Lay your paper 
over your drawing, and you will see all the lines of 
the origin^ distinctly through it, by which means 
you can easily trace them with a pen or black Jead 
pencil. ' 

To make Tracing'Paper. 

Mix together equal parts of oil of turpentine and 
drying-oil, and with a rag rub it evenly over some 
fan, or tissue paper, or any other very thin paper. 
Hang it by to dry for a day or two, and it will be 
fit for use. Lay this over the print or drawing 
you want to copy, and you will see every line dis- 
tinctly through, so that you can go over themjwith 
the black-lead pencil. If you wish to do it in ink, 
you must mix a little ox's gall with the ink, to 
make the paper take it, which it would not other- 
wise do on account of the oil. 

To make Camp^Paper. 

Take some hard soap, mix it with lamp-black; 
make it into the consistencfe of a jelly with water; 
with this brush over one side of your paper, and 
let^ it dry. When you use it, put it between two 
sheets of clean paper, with its black side down- 
wards, and with a pin, or stick with a sharp point, 
draw or write. what you please upon the clean 
paper; and where the tracer has touched, 'there 
will be an impression upon the lowermost sheet of 
paper, as if it had been written or drawn with a 
pen. It may be made of any colour, 'by mixing 
with the soap black-lead, vermillion, &c. 
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StenciUng. 

Lay the print or drawing you wish to have 
tropied, over k sheet of papfet, and with a pin or 
netedle prick all the outline over with holes, through 
both the papers. Then take tlie clean paper With 
the holes made in it, and lay it upon the paper you 
wish to have the design transferred to, and dust it 
over with the powder of charcoal in a snmll muslin 
bi^j the du«t will penetrate through the holi^, 
aod leave a conect copy of the original upon the 
paper. 

This pricked paper will do again for any numbei' 
of Cf^ies. This is very useful for ladies who work 
flowers upon muslin. ^ 

fDie Mefh6d ^Enlarging ttnd Contrticting 
ly Blares. 

Divide the sides of your original with a pair of 
compasses into any number of equal parts, and rule 
lines across with a black-lead pencil from side to 
side, and from top to bottom* Then having your 
pa$»er of the size you intend, divide it into the same 
number of squares, either larger or less, as you 
would enlarge or contract it Then placing your 
original before you, draw, square by square^ the 
several parts, observing to make the part ^ the 
figure you are drawing fall in the same part of the 
squares in the copy, as it does in your originiii. 
To prevent mistakes, number the squares both of 
the original and copy. This method is much used 
by engravers* 

To prevent the necessity of ruling across the 
original, which in some cases may injure it, take a 
square pane of crown glass, and divide its sides, and 

Digitized by CjOOQ IC 



PAINTING TRANSPA^SNqi^S, 4|07 

also its top and bottom into equal parts: then from 
each division draw lines across the glass with lamp- 
black ground with gum-water, and you will divide 
the glass into squares. Then lay the glass upon the 
original which you wish to copy, and having drawn 
the same number of squares upon your paper, pro- 
ceed to copy into each square on your paper what 
appears behind each corresponding square of the 
glass. Instead of a glass, an open frame with 
threads stretched across will answer the same 
purpose. 

The Pentagraph, 

The Pentagraph is an instrument by means of 
which one may copy, enlarge, or reduce the out- 
lines of any picture, print, or drawing. They may 
be had at most mathematical instrument-makers, 
and are extremely useful for copying plans, maps, 
and other complicated figures. 

PAINTING TRANSFARENGIES. 

The effect of this kind of painting is very pleas- 
ing, if managed with judgment, particularly in fire 
a»<i moon lights, where brilliancy of light and 
strength of shade are so very ciesirable. 

The very great expence attending the purchase 
of stained glass, and the risk of keeping it secure 
from g^ccident, almost precludes the use of it in 
ornamenting rooms ; but transparencies form a sub- 
stitute nearly equal, and at a very small expence. 

The paper upon which you intend to p^int 
must be fixed in a straining-frame, in order that . 
you may be able to place it between you and the 
light, when you see occasion in the progress of 
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your work. After tracing in your design, the 
^colours must be laid on in the usual method of 
stained drawings. When the tints are got in, you 
must place your picture against the window, on a 
pane of glass framed for the purpose, and begin 
to strengthen the shadows with Indian ink, or with 
colours, according as the effect requires, laying the 
colours sometimes on both sides of the paper, to 
give greater force and depth of colour. The last 
touches for giving final strength to shadows and 
forms, are to be' done with ivory-black, or lamp, 
black prepared with gum- water, as there is no 
pigment so opaque and capable of giving strength 
and decisiop. 

, When the picture is finished, and every part has 
got its depth of colour and brilliancy, being per- 
fectly dry, you touch very carefully with spirits of 
turpentine on both sides, those parts which are to 
be the brightest, such as the moon and fire, and 
those parts requiring less brightness, only on one 
side. Then lay on immediately with a pencil, a 
varnish made by dissolving one ounce of Canada 
balsam in an equal quantity of spirit of turpentine. 
You must be cautious with the varnish, as it is apt 
to spread. Wlien the varnish is dry, you tint the 
fiame with red-lead and gamboge, slightly tinging 
the smoke next the flame: the moon must not be 
tinted with colour. 

Much depends upon the choice of the subject, 
and none is so admirably adapted to this species of 
effect as the gloomy Gothic ruin, whose antique 
towers and pointed turrets finely contrast their 
dark battlements with the pale, yet brilliant moon. 
Rays passing through the ruined windows half 
choaked with ivy, a fire amongst the clustering 
pillars and broken monuments of th^ choir, round 
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which are figures of banditti, or others whose hag- 
gard faces catc^ the reflecting light, afford a pecu- 
liarity of effect, not to be equalled in any other 
species of painting. Internal views of cathedrals, 
also, where windows of stained glass are introduced, 
form beautiful subjects. 

The great point to be attained is a happy coin- 
cidence between the subject and the effect pro- 
duced. The fine light should not be too near the 
moon, as its glare would tend to injure her pale 
silver sight ; those parts which are not interesting 
should be kept in an undistinguishable gloom, and 
where the principal light is, they should be 
marked with precision. Groups of figures should 
be well contrasted; those in shadow crossing those 
that are in light, by which means the opposition of 
light against shade is effected. 



CRAYON-PAINTING. 

If the limits of our work would have permitted 
us, we should have here said something respecting 
this branch of the art; but upon considering that 
it is a very inferior mode of painting, being only 
adapted for portraits, and being so perishable, that 
it is a pity the talents of any eminent artist should 
ever be employed in it, we have judged it better to 
suppress the article altogether, to make room for 
something of more importance. Those who are 
desirous of attempting it, may easily be furnished 
with the crayons ready prepared; and there is 
nothing particular in their use, which may not 
be easily acquired by any one who is acquainted 
with the practice of drawpg. 
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We shall now give a brief account of the different 
pigments or colours, which are used either in water 
or oil, for the purposes of drawing or painting. 

Red Colours. 

Lakes. This term is used to denote a species of 
colours formed by the combination of alumine, pr 
th^ oxyd of tin, with the colouring matters of 
vegetables. 

The lakes chiefly used are red colours, and th^sg 
are of different qualities, according to the basis ^nd 
colouring matter employed. 

The principal lakes are carmine, Florencerlak^j, 
and madder-lake. 

Carmine is a very rich bright crimson colour, 
and stands well in water. For the preparation of 
carmine, four ounces of finely-pulverized cochineal 
are to be poured into four or six quarts of rain, or 
distilled water, that has been previously boiled in a 
pewter kettle, and boiled with it for the space of 
six minutes longer (some advise to add, during the 
boiling, two drachms of pulverized crystals of 
tartar). Eight scruples of Roman alum, in powder, 
are to be then added, and the whole kept upon the 
fire one minute longer. As soon as the gross 
powder has subsided, and the decoction has become 
clear, it is, to be carefully decanted into large 
cylindrical glasses, covered oyer, and kept undis- 
turbod, till a fine powder is observed to have settled 
at the bottom. The liquor is then to be poured 
off from this powder, which is to be gradually dried. 
From the liquor, which is still much coloured, the 
rest of the colouring matter may be separated by 
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means of the solution of tin, when it yields a car* 
mine little inferior to the former, 

Florentine lake is the kind in general use, known 
by the name of lake. It is used in water and also 
in oil, but does not stand, \yhich is much to be 
lamented, as it is a very beautiful colour, arid the 
is no substitute that will completely answer all the 
pui'poses of lake. 

llie best sort may be prepared from the sedi- 
ment of cochineal that remains in the kettle after 
making carmine, adding to it a small quantity of 
cochineal, or brazil-wood, and precipitating the 
colouring matter with a solution of tin. 

M^ddder-lake is not so bright and rich a colour 
as the last-irieritiohed lakes, but has this valuable 
advantage, that it stands much better, and it may 
answer many of the purposes of Florence-lake. 

It is prepared nearly in the same manner as the 
foregoing. 

JRose*7a7ce. This is generally called rose-pinTc* 
Tt is a lake made by a basis of chalk, coloured by 
Brazil or Campeachy wood. It does hot ^tand, 
and is only used for house-painting and paper- 
hanging. 

Verfhillion, a bright scarliet pigment, formed 
froixi sulphur and quicksilver. Its goodness is 
known by its brightness, and by its inclining to a 
crimson hue. It is a very useful colour in oil, 
where it stands very well j but in water it is apt to 
turn black. 

Jted lead, or minium^ is lead calcined till it ac- 
quires a red colour, by exposing it with a large 
surface to the fire. This colour is very apt to turn 
black in water, and is therefore seldom used. 

Indian red. This colour is sometimes employed 
to answer some of the purposes of l^ke. It is 
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difficult to procure the genuine kind, which comes 
from the East Indies. What is sold for Indian 
redj is said to be chiefly made in this country. 

Venetian red is a native red ochre, rather incUn- 
ing to the scarlet than the crimson hue : it is not 
far different in colour from the common Indian 
red, and is a very good colour. 

Spanish-brown is also an earthy substance, found 
in the same state in which it is used ; it is nearly 
of the same colour as Venetian red, but coarser. 
It is only used for the commonest purposes. 

Light red, or burnt ochre. This is common 
. yellow ochre heated red-hot in the fire, tiU the 
colour changes from yellow to a red. It is a very 
excellent colour, both in water and oil, having the 
quality in common with all the ochres, of standing 
perfectly well. 

Red chalks This is the same substance as is 
used for drawing on paper, in the manner of a 
crayon. It is very much like light red, and is used 
instead of it, for some purposes. It stands per- 
fectly well, and may be used both in water and oil. 

Burnt Terra Sienna. This colour is made by 
calcining raw terra Sienna till it acquires a red 
colour. It is of a very rich tint, and is much used 
both in water and oil. It stands well in both. 



Blue Colours. 

Ultramarine is prepared from lapis lazuli, by 
calcining and washing it very clean. When ge- 
nuine, it is an extremely bright blue colour, some- 
what transparent both in oil and water, and stands 
perfectly. On these accounts it is of the utmost 
value, being excellent in every kind of painting, 
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even in enamel ; but the great price prevents the 
general use of it. 

Ultramarine ashes. This is the residuum after 
washing the lapis lazuli, in which a portion of the 
ultramarine still remains. It is very subject to be 
adulterated. It is not so bright as ultramarine, 
being, like that colour, with a tint of red and white 
in it. When genuine it stands well. 

Prussian blue. This colour is iron combined 
with the prussic acid.^ It is made in the following 
manner. 

Two parts of purified potash are most intimately 
blended with three parts of dried and finely pul- 
verized bullock* s blood. The mass is first calcined 
in a covered crucible, and on a moderate fire, until 
no more smoke or flame appear j and it is after 
this brought to a complete, yet moderate, ignition. 
Or equal parts of potash ajid finely-powdered coals, 
prepared from bones, horns, claws, &c. are min- 
gled, and heated in a covered crucible to a moderate 
redness. This done, either of these two calcined 
masses is, after cooling, lixiviated with boiling 
water, and the lixivium filtered. Nothing remains 
now but to make a solution of one part of green 
vitriol and two parts of alum, and to add to it 
while yet hot the above lixivium, little by little how- 
ever, and to separate the greenish-blue precipitate, 
which then forms by means of a filtre. If after- 
wards a slight quantity of diluted muriatic acid be 
afiused upon this precipitate, it assumes a beautiful 
dark-blue colour. The operation is terminated 
by edulcorating and drying the pigment thus 
prepared. Prussian-blue is an extremely beau- 
tiful colour when properly prepared, and stands 
well. Common Prussian-bliie is apt to contain 
some iron, which causes it to turn greenish or olive. 
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Verditer is a blue pigment, obtained by adding 
chalk or whitening to the solution of copper in 
aqua fortis. The best sort is prepared by the 
refiners, who employ for this purpose the solution 
of copper, which they obtain in the process of 
parting, by precipitating silver from aqua fortis by 
plates of copper. Common verditer is made from 
the sulphate of copper, or blue, by the manufec- 
turers in SheflSeld and Birmingham. Verditer is 
only used for very coarse purposes, chiefly by the 
paper-stainers. It has been sometimes called 
Sanders blue, from ignorance of the meaning of 
the term cendres blues, or bhie ashes, which the 
French call it. 

Indigo. This colour is extracted from a plant 
called Anil, that grows in the East and West 
Indies. It is not so bright as Prussian-blue, but it 
is cooler, and has the advantage of being very 
durable. When dissolved by the sulphuric acid, 
it forms Scott^s liquid bluej so much used for 
colouring silk stockings, &c. 

Smalt. This is glass coloured with cobalt, and 
ground to a fine powder. Its coarseness prevents 
its being used much for painting in oil or water. 
It m employed sometimes by sterwing it upon a 
ground of oit-paint. It is also used in enamel- 
painting. It stands well. 

Blm Bice. This is only smalt more finely levi- 
gated. 

Yellow Colours. _ 

Indian yellow. This is the brightest of all yel- 
lows for water-colours, and is perfectly durable. 
It is said to be procured from the urine of the 
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buffalo. In the East Indies it is a very common 
and cheap colour ; the natives there use it com- 
monly for colouring their calicoes, which they do 
without any mordant, so that the colour is washed 
out again when the cloth is dirty. 

King^s yellow. This colour is orptment refined, 
which is a substance dug out of the earth, and 
consists of sulphur joined to arsenic j or it may be 
prepared by subliming sulphur with arsenic. It is 
of a very bright yellow, but does not stand very 
well ; and great caution should be used in employ- 
ing it, as it is a strong poison. 

Naples yellow. This is a very durable and bright 
pale yellow ; it comes from Naples, and is supposed 
to be prepared from lead and antimony. 

Yellow ochre. This is an earth coloured by 
oxyd of iron. It is a cheap colour, and not very 
bright ; but is valuable on account of its standing 
well. 

Roman ochre. This is a superior kind of yellow 
ochre. 

Dutch pink. This pigment is formed of chalk 
coloured with the juice of French berries, or 
other vegetables aflPording a yellow colour. It 
does not stand, and is chiefly used for common 
puiposes. 

Gamboge is a gum brought from the East Indies. 
It readily dissolves in water, and is a fine bright 
yellow. It is used only in water, and is very 
serviceable. 

Massicot is an oxyd of lead, prepared by calcin- 
ing white-lead. It iS very little used, the colour 
not being very bright. 

Gall stones. This is a concretion or hard sub- 
stance, formed in the gall-bladders of beasts j or it 
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may be obtained from the gall of animals. It is 
a very rich colour, but does not stand. 

Rccw Terra Sienna^ is a native ochrous earth 
brought from Italy. It is a fine warm colour, and 
stands well. 

French berries. ^A liquor may be extracted 
from these, which is useful as a stain for some 
coarse purposes ; but it; does not keep its colour. 

Turmeric root, and saffron, may be used for si- 
milar purposes. 

Orange lake is the tinging part of annatto pre- 
cipated together with the earth of alum. It does 
not stand. 

Brown pink is the tinging part of some vegeta- 
ble substance precipitated upon the earth of alum. 
It is of a fine rich greenish yellow, but does not 
stand in water. 

Green Colours. 

There are few colours that are useful as greens '^^ 
accordingly, it is the practice with artists, to form . 
their greens by the mixture of blue and yellow 
colours. By varying these, a vast variety of green 
tints may be obtained. 

Sap green. This colour is the concreted juice 
of the buckthorn-berries. It is never used in oil. 
It is employed chiefly in flower-painting and co- 
louring prints, &c. 

Verdigris. If plates of copper, moistened from 
time to time with vinegar, be lefl exposed to the 
air, they will be converted into a green oxyd, 
called verdigris : this is an imperfect oxyd of 
copper, combined with a small portion of acetic 
acid, carbonic acid, and water. It is prepared in 
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large quantities, chiefly in France near Moritpel- 
lier, by stratifying copper-plates with the husks of 
grapes yet under vinous fermentation, which soon 
grow acid, and corrode the copper. After the 
plates have stood in this situation for a sufficient 
time, they are moistened with water, and exposed 
in heaps to the au\ The verdigris is scraped off 
from their surface as it forms. ' 

Verdigris is of a bluish-green colour, but has no 
body, and does not stand. It is only used for 
very coarse purposes. It answers best when used 
in varnishes. 

Distilled verdigris, sometimes called crystals of 
verdigris, is prepared from commofi verdigris, by 
dissolving it in vinegar. It is of a very bright 
green, and is used chiefly for varnishes, and in co- 
louring maps, &c. 

Broxm Colours. 

Bistre is the finer part extracted from the soot 
of burnt wood. It is much used for sketches in 
water-colours, being a transparent warm colour. 

Cologne earth. This is a mineral substance of 
a dark blackish brown colour. It is a very useful 
colour ; though what is generally sold in the shops 
for Cologne earth is an artificial mixture of several 
colours. 

Raw umbre is a native ochreous earth, of a light 
brown. It stands well. 

Burnt umbre. This is only the last mentioned 
colour, calcined in the fire. It then acquires a rich 
deep brown, and is of great use, being a fine 
colour, and standing perfectly well. 

Asphalttcm. This coloiu' is used in oil, and is of 
a very rich deep brown. It is a transparent or 
glazing colour. It will not work in water, but 
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ll^l^psme for giving deep and 3pirited toucljes to 

^^il? Colours. 

Flahc WlUie 13 corbonate of lead, formed by cor- 
roding lead with vegetable *pids, or vinegar, 

TfhitP'kad is the sajiie colour as flake >yhite, only 
of aq inferior quality, Jt is the only white used 
\n Qil-p3,inting, and is a very useful colour^ but in 
water it always turns black, and should never be 
used* 

Punsi carbonate of lime i§ very useful as a white 
in water-colouri§, as it stands perfectly well. 

E^g'-shell white^ and oyster^sJiell white, are only 
egg-shells, or oyster-shells calcined, by which the 
animal gluten is destroyed, leaving the lime be- 
hind, which soon j,4;t;r$ct$ \1^§ carbonic acid again 
from the atmosphere. Well washed Spanish white, 
pr common whitenings answers the same purpose. 

^lack Colours. 

Lamp hlack is the soot of oil, collected after it 
is formed by fcurnipg. It is very generally used, 
both in oil and water, and stands perfectly well. 

Ivory black is the coal of ivory or bone, formed 
by giving them a great heat, while they are de- 
prived "of all access of air. It i$ of a more intense 
black than lamp black. 

Blue black is the coal from burning vine-stalks 
m a close vessel. It is like ivory black, with a tint 
of blue. 

Indian fnk has been already described in page 
3fV« 
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OF ^NGRAVim 

En^ravingy or ^r^^vin^, as it is sometimes called| 
is th^ cutting lines upon a copper-platCij by means 
of a steel instrument, called a graver. 

Tlii3 w^s the fir^t way of producing copper^ptat? 
prints that was practised, and is ^til^ mucH used ii^ 
historical subjepts, portraits, and in ^nishing Isl^^t 
scapes. 

The tools necessary for this art aye, gravqrs, ^ 
scraper, a burnisher, an qil-stotie, a sand-bag, an 
oil-mbber, and some good charcoal. 

The gravers are instruments of teinpei'ed ^teel, 
fitted into a short wooden handle. Tbey ai:Q of 
two sorts, square and lozenge : thej ^r&t is used in 
cutting very broad strokes, the oth^r for A|nt^ 
and mor^ delicate lines. 

The ?craper is a tlyree-edged tool, for scraping 
off the burr raised by the graver. JBurmshers are 
for rubbing down any lines that are tqo deep^ at 
burnishing out any scratches qr holes in the cop- 
per : they are of very hard steel, well rounde<| 
and polished. 

The oil-stone is fpf whetting the graver^ etch- 
ing-points, &c. 

The s^nd-bag, or cushioi^, i§ for laying the plate 
upon, for the conveniency of turning it round in 
any direction. 

The oil-rubber and charcoal are for potish^iig 
the plate when necessary. 

As great care is required to whet the graver 
nicely, particularly the belly of it, the two angled 
of the graver which are to be held next the pl^te, 
must be laid flat upon the stone^ and rubbed 
steadily, till the belly rises gradually above the 
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plate» so as that, when you lay the graver flat 
upon it, you may just perceive the light under 
the point ; otherwise it will dig into the copper, 
and then it will be impossible to keep a point, or 
execute the work with freedom. In order to this, 
keep your right arm close to your side, and place 
the fore-finger of your left hand upon that part of 
the graver which lies uppermost on the stone. 
When this is done, in order to whet the face, place 
the flat part of the handle in the hollow of your 
hand, with the belly of the graver upwards, upon 
a moderate slope, and rub the extremity, or face, 
upon the stone, till it has an exceedingly sharp 
point, which you may try upon your thumb-nail. 

When the graver is too hard, as is usually the 
case when first bought, and which may be known by 
the frequent breaking of the point, the method of 
tempering it is as follows : Heat a poker red-hot, and 
hold the graver upon it, within half an inch of the 
point, till the steel changes to a light straw colour; 
then put the point into oil, to cool ; or hold the 
graver close to the flame of a candle, till it be of 
the same colour, and cool it in the tallow ; but be 
careful either way, not to hold it too long, for then 
it will be too sofl ; and in this case the point, 
w^iich will then turn blue, must be tempered 
again. Be not too hasty in tempering ; for some- 
times whetting will bring it to a good condition, 
when it is but a little too hard. 

To hold the graver, cut off^ that part of the 
handle which is upon the same line with the belly, 
or sharp edge of the graver, making that side flat, 
that it may be no obstruction. 

Hold the handle in the hoDow of your hand; 
and, extending your fore-finger towards the point, 
let it- rest on the back of the graver, that you may 
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guide it flat and parallel with the plate. Take 
care that your fingers do not interpose between, 
the plate and the graver ; for they will hinder you^ 
from carrying the graver level with the plate, and 
from cutting your strokes so clean as they ought 
to be. 

To lay the design upon the plate, after you 
have polished it fine and smooth, heat it so that 
it wiU melt virgin- wax, with which rub it thinly 
and equally over, and let it cool. Then the de-. 
sign which you lay on must be drawn on paper, 
with a black-lead pencil, and laid upon the plate, 
with its pencilled side upon the wax; press it 
down, and with a burnisher go over every part of 
the design, and when you take off the paper, you 
will find every line upon the waxed plate which 
you drew with the black lead pencil; then with a 
sharp poiQted tool trace all your design through 
the wax upon the plate, and you may then take 
off the wax, and proceed to work. 

Let the table, or board you work at, be firm 
and steady ; upon which place your sand-bag with 
the plate upon it ; and, holding the graver as above 
directed, proceed in the following manner. 

For straight stiokes, hold your plate firm upon 
the sand-bag with your left hand, moving your 
right hand forwards; leaning lighter where -the 
stroke should be fine, and harder where you would 
have it broader. 

For circular or crooked strokes, hold the graver 
stedfast, moving your hand or the plate, as you 
see convenient. 

Learn to carry your hand with such dexterity, 
that you may end your stroke as finely as you 
began it ; and if you have occasion to make one 
part deeper or blacker than another, do it by de- 
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^Ip^i; srfid tRat Vou viky do it with grtfsltet exact- 
lifeSS, tftke fJitte that your strokes be hot tbo close 
mi tbb ^de. 

In the cJourse of ybiir work scrape off the 
ii5llj^hiiiSfiS which arises, with yoilr serapet; but 
be careful, in doing this, not to scratch the plate J 
arid thkt yoit faiay see your work t)rOperlj^ a^ you 
gd ori, rub it with the oiUrubber, atid wl^e th6 
plkta tleahi which will tak6 off the ghi% of the 
cd^pe?!-, aiid show What you haVe ddrife to thg best 
ad^ihiage. 

Atiy toistkkes oi* scratched ih tHfe pifttS may be 
rubbgd 6ut ^ith the burhlshei*; and thfe jpart leveilled 
with the S«l*aperj pblifehiilg: it agalh ^fterWard^ 
lightly with the bilrniiSHer, or charcoal; 

H^Vih^ thus ittained thfe use bf the graver, ac- 
cbtdiiiff to the foregoing rtileSi you will be atile td 
fiftfeh the ^^ce you bad etched, hf graving up the 
stjvferal jJartii to tHfe cdldUr required ; beginning, is 
in the etching, with the failltet ptrts, aiid kdVanC* 
itig gfadiiallji^ Mth the Stronger, till th6 wh6le is 
cdiifbletfedi 

Tlie dry poM or nefedle (so called becausb iiot 
used till the grouiid is taken off the plate) i§ priil- 
cijpally ehiployed in the extremely light parts of 
water, 6ky, drapery, architi^feture, fec^ 

To i^teVent any obstruction fi*oni too gredt a 
dfegree of light, the use of a liash, tnade of trans- 
parent, or fan paper, pasted on a fraiii^; &M pliced 
sldpittg it A cohvenient distancfe between your 
trork and the light, will presbrve the ^ght ; ihd 
when the sun shines, it cannot pOisibly be di*r- 
p^rised with* 
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Et<Shikg is a maftDer of engraving on ci^p^ri 
in which the lines ot strokes^ intead of beii^ cu^ 
with a tool or gravef, are corroded in witii aqua 
fortis* 

It is a mUch later invention than the art of en» 
graving by catting l^e lines on the oopperi and 
hai^ many advatitages over it for some purposes, 
thou^ it canbot supersede the use of the graver 
eritirdy, as there Ate many things that cannot be 
etched so well as they can be graved. 

In rimost all the engravings on copper that are 
executed in the stroke manner, etching and graving 
^re cjombinedi the plate being generally begun by 
etchfi^ and finished with the graver. jL^dscapes^ 
architecture, and machinery, are the subjects tbat 
receive moat assistance from the art of etching j 
ibr it ia not so itpplieable to portraits and historical 
designs. 

We shall first describe the various instruments 
and materials used in the art. 

Copper^phtes may be had ready prepared at the 
coppersmiths, by those who reside in large towns j 
but when this cannot be had, procure a piec6 of 
pretty thick sheet-copper from a bra^ier^ rather 
larger than your <ir$^ing, and let him planish it 
^ett; then take a piece of pumice-stone, ana with 
water rub^ it aB one way^ till the surface is s^ 
smooth and level as it can be made by that mean^: 
a ^ece of charcoal ia next used with water, /or 
poUsbiiig it atiU farther, smd removing the deep 
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scratches made by the pumice-stone ; and it is then 
finished with a piece of charcoal of a finer grain, 
with a little oU. 

JEtching-points or needles are pointed instruments 
of steel, about an inch long, fixed in handles of 
hard wood, about six inches in length, and of the 
size of a goose-quill. They should be well tem- 
pered, and very accurately fixed in the centre of 
the handle. They must be brought to an accu- 
rately conical point, by rubbing upon an oilstone^ 
with which it is also very necessary to be provided. 
Several of these points will be necessary. 

A parallel-ruler is necessary for drawing parallel 
straight lines with. This is best when faced with 
brass, as it is not then so liable to be bruised by 
accident* 

Compasses are useful for striking circles and 
measuring distances. 

Aqua fortisy or what is better, spirits of nitre, 
(nitrous acid,) is used for corroding the copper, or 
biting'iuj as it is called. This must be kept in a 
bottle with a glass stopple, for its fumes destroy 
corks. A stopple made of wax will serve as a sub- 
stitute, or a cork well covered with wax. 

Bordering'Wao'y for surrounding the margin of 
the copper-plate when the aqua fortis is pouring 
on. This may be bought ready prepared, but it 
may be made as follows. 

Take one-third of bees-wax to two-thirds of 
pitch ; melt them in an iron ladle, and pour them, 
when melted, into water lukewarm j then mould it 
with your hand till it is thoroughly incorporated, 
and all the water squeezed out. Form it into rolls 
of convenient size. 

Turpentine varnish is used for covering the cop- 
per-plate with^ in any part where you do pot wisli 
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the aqua fortis to bite. This may be diluted to a 
proper consistence with turpentine, and mixed 
with lamp-black, that it may be seen better when 
laid upon the plate. 

. Ectching'ground is used for covering the plate 
all over with, previous to drawing the lines on it 
with the needles. It is prepared in the following 
manner. 

Take of virgin-wax and asphaltum, each two 
ounces, of black p^tch and Burgundy pitch, each 
half an ounce ; melt the wax and pitch in a new 
earthenware glazed pipkin, and add to them, by 
degrees, the asphaltum, finely powdered. Let the 
whole boil till such time as that, by taking a drop 
upon a plate, it will break when it is cold, on bend- 
ing it double two or three times between the fingers* 
The varnish, being then enough boiled, must be 
taken off from the fire, and letting it cool a little^ 
must be poured into warm water, that it may work 
the more easily with the hands, so as to form into 
balls for use. 

It must be observed, first, that the fire be not 
too violent, for fear of burning the ingredients ; 
a slight simmering will be suflBcient; secondly, 
that while the asphaltum is putting in, and even 
after it is mixed with them, the ingredients should 
be stirred continually with a spatula ; and thirdly, 
that the water into which this composition is 
thrown, should be nearly of the same degree of 
warmth with it, to prevent a kind of cracking, 
which happens when the water is too cold. 

The varnish ought always to be harder in sum- 
mer than winter, and it will become so if it be 
suffered to boil longer, or if a greater proportion of 
the asphaltum be used. The experiment above 
mentioned^ of the drop suffered to cool, will de^ 
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iermifa^ the decree of hardnesi^ of Sdftn^si thai 
may be suitable to the season whien it is tiSed. 

To lay the ground for etching, proceed in the 
following manner: Having cleaned the cot)per- 
piat6 with some ^ne whiting dnd k linen tag, to 
ftee it from all grease, fix a h^tid-vice to sotile J)art 
d^it whete no ^ork fs ititeilded to be, to serve ai a 
handle for managing it by when warm. Rdll tip 
Soihe cdarsg bi'dWrt phpet, ahd light tine 6nd j then 
lioid the back of thd tilate oveir ih6 hiltnitig jJdpfe'f, 
riioving it about iintll ev^ry ndrt of it is eqiialfy 
heated, so as t6 melt the etcnihg.grdiihd, MIfch 
sfeoiild be wrapped tip in k bit of i^&ety, to tii^SViflit 
any dirt t^at niay Iiap|)en io bd dmong it, ftom 
mixing With what is fft^lted upon the Jilale. If 
the plate be large, it ^ill be he^i to heat it ovet a 
chafing-dish with ^Oine clear cabals. It ttttisi be 
heated just sufficient id ttiett the g^duiid, btit ftot 
so much as to tuf fi it. When a Sumcietli qtiaHflty 
of the etching.grbund has te^h rubbed lipdfa the 
plate, it must be dabbed, or beat gently, Whil6 the 
plate is hot, with a siflall dabbef, made of cotton. 
Wrapped Up in a piece ^ taflfety, by which 6p6is 
ation the groiirid is disttibuted more equally oVer 
tile plate than it CoUld be by atiy Othet mekti^. 

wheii thig plate iS thils hnifotmly and thihlj^ 
dbvered with the \^arnlfeh, it ititet be Bldcketied by 
ismokiiig it with a wax tapeir. For this ^urpdse 
twist tbgether threfe df four pieiibs of Wai tapetj to 
Wiake a larger ilame, ahd While thfe plate iS irtill 
warm, hold it With the varnished side dbWnwardS, 
anci move the smbky part Of the lighted taper over 
its surface, till it is tnadte almost quitte black j takittg 
care liot to Ifet the wick touch the Vai^hish, aiJd thdt 
the latter get no stnear or stain. Ih laying th6 etch- 
ing-ground, great care must be takett that fio par- 
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ticles of dust bt dirt of kny kind Settle U^ori it, as 
that would bri fbtind vtif tr(Jiibks6me in etching j 
th6 room, thei'eft)i'e, in which it is laid sHbuld be 
as Still as possible, dhd ftee IVorti dust. 

The ^odtid b^iilg KoW laidi arid sufibred to 
cool, tHfe riekt b|ietktloil ii tb transftr thy design to 
the pUi^. 

For this purpose a tracing oil 6iled pabfet ftlti^ 
n6w b^ thade, flrdih the ddsigii t6 bd fetdhed, With 
jHJn khd Inki hkvihg a very feihall quantity oF dx'S 
^^11 ihif ^d with it, td make tKe oiled paJJer t6ke it; 
alsft a pifeee of thiH ^^pet-, df the sioid Slz^, WtiSt 
Be rubbgd oter With red dklk, powdered, by 
A'^iriS of Some tJ6ttd<i; theh layiB^ the t&S. 
mmked papet, with its clicked sid^ iiext th^ 
^tdufld, b& the iilkte, pUt the tf'dciii^ 6yit It) atiti 
fKStfeh thfeift both tb^frther, afld t6 tfiii fJUtei by i 
little Wt 6f the bohlefih^ mh 

When fall this is ptbpkibd; tak^ ft bltlttt fetdHftl^ 
h^Al^i attd gb gfently fell dt^l- thfe lirie^ itt the 
tfWHrig J by ^Wch ftidafts the' chalked ipip^i ^Ul 
be pte^md kgiln^ tb^ gt^duiitf; and tH8 Rne§ df 
the tracing will be tran^ea'i-M to it f oh t^kihg 
off thgpapfeMj they Will be h&m cli*tlri<itly. 

The plate is now prepai'ed for drawiii^ thtVb^ 
thd lines \*^hich hjtve b§feh flWi-ked upoh the 
gfiMihdi Fot this, the et<ihiflgJp6irit^ 6r fteedl^ 
are employed, leaning hdrd dt li^fyi ^6e6rdln^ 
td the degfee df Stfeilgth t%quifdd 111 the Ihieii; 
Points of different ^zt!sl and ft>irtiS art; &Uo ui^S, 
for raakiiig lines cf diffferenit itlidkheSS, though 
commonly this is effected by thfei bitlftg^iri with the 
aqua fbrtis. 

A mar^n dr border Gf wax tAiist ftcW be fbfiiied 
all toUnd the plateji to hold tlie fiqtia f#pf is whetl it 
ii piDftired on. To dff Ms, the trofd^itfg wax 

Digitized by LjOOQ IC 



^S ETCHING. 

already described must be put into lukewarm 
water to soften it, and render it easily worked by 
the hand. When suflSciently pliable, it must be 
drawn out into long rolls, and put round the edges 
of the plate, pressing it down firm, and forming it 
with the fingers into a neat wall or margin. A spout 
must be formed in one comer, to pour off the aqua 
fortis by afterwards. 

The nitrous acid (spirits of nitre) is now to be 
diluted with four or five times as much water, or 
more (according as you wish the plate to be bit 
quick or slow,) and pdured upon the plate. In a 
few minutes you wiU see minute bubbles of air 
filling all the lines that have been drawn on the 
copper, which are to be removed by a feather ; and 
the plate must be now and then swept, as it is 
called, or kept free from air bubbles. By the more 
or less rapid production of these bubbles, you 
judge of the rapidity with which the acid acts upon 
the copper. The biting-in of the plate is the most 
uncertain part of the process, and nothing but very 
great experience can enable any one to tell when 
the plate is bit enough, as you cannot easily see 
the thickness and depth of the line till the ground 
is taken off. 

When you judge, from the time the acid has 
been on, and the rapidity of the biting, that those 
lines which you wish to be the faintest are as deep 
as you wish, you pour off the aqua fortis by the 
spout, wash the plate with water, and dry it, by 
blowing with bellows, or by the fire, taking care 
not to melt the ground. 

Those lines that are not intended to be bit any 
deeper, must now be stopped up with turpentine- 
varnish mixQd with a little lamp-black, and laid on 
with a qamers-hs^ir pencil; and when this is 
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thoroughly dry, the aqua fortis may be poured on 
again, to bite the other lines that are required to 
be deeper. 

This process of stopping-out and biting-in is to 
be repeated as often as there are to be lines of dif- 
ferent degrees of thickness, taking care not to 
make any mistake in stopping-out wrong lines. 

It is also necessary to be particularly careful to 
stop-out with the varnish, those parts from which 
the ground may happen to have come off by the 
action of the acid, otherwise you will have parts 
bit that were not intended, which is called Jdul-- 
biting. 

When the biting-in is quite finished, the next 
operation is to remove the bordering-wax and the 
ground, in order that you may see what success 
you have had ; for till then, this cannot be known 
exactly. 

To take off the bordering-wax, the plate must 
be heated by a piece of lighted paper, which soft- 
ens the wax in contact with the plate, and occa- 
sions it to come off quite clean. 

Oil of turnpentine is now poured upon the 
ground, and the plate is rubbed with a bit of linen 
rag, which removes all the ground. Lastly, it is 
cleaned off with whitening. 

The success of the etching may now be known, 
but it is necessary to get an impression taken upon 
paper by a copper-plate printer. This impression 
is called a proof. 

If any parts are not bit so deep as were in- 
tended, the process may be repeated, provided the 
lines are not too faintly bit to admit of it. This 
second biting-in the same lines, is called re-biting, 
and is done as follows : Melt a little of the etching- 
ground on a spare piece of copper, and dab it a 
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Uttle, to get spmq on the dabber; thent having 
cleaned out, with whitmg, the Unes that are to be 
re-bit, heat the plate gently, and dab it very ligh|Jy 
with the dabber. By this, the parts between the 
lines will be covered with the ground, but the lines 
themselves will not be filled up, ^nd cpnsequently 
will he exposed to the action pf tl^e aqua fortis. 
Xhi§ is a very delicate process, and niust be per- 
formed with great care. The rest of the plate 
must now be varnished ovei', the bordering wax 
put on again, and the biting repeated in the same 
ipanner as at first. 

If any part should be bit too deep, it is more 
difficult to recover it, oy make it fainter : this is ge- 
nerally done by burnishing the part down, or rub- 
bing it with a piece of charcoal. This will n^ake 
the lines shallower, and cause them not to print so 
black. 

Should any small parts of the lines have missed 
altogether in the biting, they may be cut with the 
grayer j which is also sometimes employed tp cross 
the lines of the etching, and thus to work np a 
more finished effect ^ 

Dry-pointing is another method employed for 
softening the harsh effects usually apparent in an 
etching. This is done by cutting with the etching- 
point upon the copper without any ground or var- 
nish, which does not make a very deep line, and is 
nsed for covering the light, where very delicate 
tints and soft shadows are wanting. By varying 
these processes of etching, graving, and dry-point- 
ing, as is thought necessary, the plate is worked 
up to the full effect intended 5 arid it is then sent 
to the writing engraver, to grave whatever letters 
may be required to be put uppn it. 
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MEZZOTINTO SCRAPING, 

Thi^ aft is pf lat:qj: origji:^ than the last, an4 is npt 
of such difficult execution* In ipezzotinto prints 
the shadows are not forced by lines or hatches, b\}t 
much resemble Jndian ink. It differs in the pro- 
cess, however, from aquatinta, although the eflfect isf 
not very different. 

Mezzotinto is chiefly employed in portraits an4 
historical subjects ; and aqua tinta for landscape 
and architecture. 

The tools necessary for mezzotinto scraping are 
the grounding-tool, burnishers, and scrapers. 

To lay the mezzotinto ground, lay your plate, 
with a piece of flannel under it, upon your table j 
hold the grounding-tool in your hand perp^ndi^ 
cularly ; lean upon it moderately hard, contijiually 
rocking your hand in a right line from epd to end, 
till you have wholly covered the plate in one di- 
rection : next cross the strokes from side to side, 
afterwards from corner to corner, working the tool 
each time all over the plate, in every dirgctipn, 
almost like the points of a compass j taking all 
possible care not to let the too} cut (in one direp- 
tion) twice in a place. This done, the plate will 
be full, or, in other words, all over rough alike, and 
would, if it were printed, appear completely blac^:. 

Having laid the ground, take the scri^pings of 
black chalk, and with a piece of rag rub it ovef thp 
plate ; or you may smoke it with candles, as befpre 
directed, for etching. 

Now take your drawing, and having rubbed the 
black with red chalk-dust, mixed with flake^white, 
proceed tp trape it pn the plate, 
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To form the lights and shadows, take a blunt 
needle, and mark out the outlines only, then with 
a scraper scrape off the lights in every part of the 
plate, as clean and smooth as possible, in propor- 
tion to the strength of the lights in your drawing, 
taking care not to hurt your outlines. 
' The use of the burnisher is to soften or rub 
down the extreme light parts after the scraper is 
done with ; such as the tip of the nose, forehead, 
linen, &c. which might otherwise, when proved, 
appear rather misty than clear. 

Another method used by mezzotinto scrapers, 
is, to etch the outlines of the original, as also the 
folds in drapery, making the breadth of the sha- 
dows by dots, which haying bit to a proper depth 
with aqua fortis, they take off the ground used in 
etching, and having laid the mezzotinto ground, 
proceed to scrape as above. 

When your plate is ready for taking a proof or 
impression, send it to the copper-plate printer, and 
get it proved. When the proof is dry, touch it 
with white chalk where it should be lighter, and 
with black chalk where it should be darker ; and 
when the print is retouched, proceed as before, for 
the lights ; and for the shades use a small ground- 
ing-tool, as much as you judge necessary to bring 
it to a proper colour ; and when you have done as 
much as you think expedient, prove it again ; and 
so proceed to prove and touch till it is entirely to 
yoiir mind. 

AQUA TINTA. 

Aqua-iinta is a method of producing prints very 
much resembling drawings in Indian-ink. 
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The principle of the process consists in corrod- 
ing the copper with aqua fortis, in such a manner, 
that an impression from it has the appearance of a 
tint laid on the paper. This i? effected by cover- 
ing the copper with a powder, or some substance 
which takes a granulated form, so as to prevent the 
aqua fortis from acting where the particles adhere, 
by this means causing it to corrode the copper 
partially, and in the interstices only. When these 
particles are extremely minute and near to each 
other, the impression from the plate appears to the 
naked eye exactly like a wash of Indian-ink ; but 
when they are larger, the granulation is more dis- 
tinct; and as this may be varied at pleasure, it is 
capable of being adapted with great success, to a 
variety of purposes and subjects. 

This powder, or granulation, is called the aqua^ 
iinta grain, and there are two general modes of 
producing it. ) 

We shall first describe what is called the powder- 
grain, because it was the first that was used* 

Having etched the outline on a copper-plate, 
prepared in the usual way by the coppersmith (for 
which see the article etching), some substance 
must be finely powdered and sifted, which will melt 
with heat, and when cold will adhere to the plate, 
and resist the action of aqua fortis. The sub- 
stances which have been used for this purpose, 
either separately or mixed, are asphalium. Bur- 
gundy-pitch, rosin, gum^copal, gum-mastich ; and in 
a greater or less degree, all the resins and gum- 
resins will answer the purpose. Common rosin 
has been most generally used, and answiers toler- 
ably well } though gum-copal makes a grain that 
resists the aqua fortis better. 

VOL, ir. F F 
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484 BNdRAVINe IN A^UA TINTA, 

The substance intended to b^ used for the gpm 
must now be distributed over the pl^te ^ equally 
as possible ; and difierent methods of performing 
this essential part of the operation have h^ex\ used 
by different engravers, and at different tinies. 

The most usual way is to tie up soipe of the 
powder in a piece of musliui and strike it against a 
pieoe of stick held at a considerable height above 
the plate) by this, the powder thsjt issues .falls 
gently, and settles equally over the plat;^. Every 
one must hfive observed how uniformly hair-powder 
settles upon the furniture after the operations of 
the hair^dresser. This n^ay afford a hint towards 
the best mode of perf(H*ming this part of the pro- 
cess. The powder tnust fall upon it from ^ con- 
siderable height, and there vm^t be a suflSoiently 
large cloud of the duat formed* The plate being 
covered equally pver with the di,ist, or powder, the 
operator is next to proceed to fix it upon the plate, 
by heat;ing it gently, so as to ipelt the particles. 
This may be effected by holding undei: the plate 
flighted pieces of brown p^per, rolled up, and 
moving thein about till every part of the powder is 
melted ; this will be known by its ch^^nge of colour, 
which win turn brownish. It ipnst now be suffered 
ta epol, when it may be examined with a magnifier, 
and if the grains or particles appear to be uni- 
formly distributed* it is ready for the next part of 
theprooess. 

The desigu or drawir^ to be engraved must now 
be examined, and suph parts of it as are perfectly 
wnkeajpetQ be pem^rked. Those corresponding 
p«?ts of the {^td must be covered, or stopped ont 
(as id ifi filled) with turpentine- varpish, dUnted with 
turpentine to a proper qonsist;ence to work freely 
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with the pencil^ aiid mixed with lamp4)lack to give 
it colour; for if transparent, the touches of the 
p^icil would not be so (Ustinctly seen. The mar- 
gin of the plaJte must also be covered widi varnish. 
When the stepping out is sufficiently dry, a border 
of wax nuist be raised rou^id the plate, in the same 
aaoanner as in etching, and the aqua fortis properly 
diluted with water poured on. This is called biting 
in, ^nd is the part of the process which is most 
uncertain, and which requires the greatest degree 
of experience. When the aqua fortis has lain on 
£0 long that the plate, when printed would produce 
the ^htest tint in the drawing, it is poured off, 
and th# plate washed with water, and dried. When 
it is j£pnte dry, the Ughtest tints in the drawing ai^ 
stopped out, and the aqua fortis poured on as tbe- 
fore, and the same process is repeated as often as 
tiiere are tints to be produced in the plate. 

Although many plates are etched entirely by this 
method of stoppiiag out and ibiting in alternately, 
yet it may easily be conceived, that in general, it 
would be very difficult to stop round, and leave out 
all the finishing touches, as also the leaves (rf trees 
and many other objects, which it would be impos- 
sifele to execute with the necessary degree of free- 
dom, in tliis manner. 

To overcome this difficulty, another very ingeni- 
ous process has been invented, by which these 
touches are laid on the plate with the same ease and 
expedition as they are in a drawing in Indian^ink. 
Fine washed whiting is mixed with a Uttle treade 
or sugar, and diluted with water in the pencil, so 
a» [to work freely, and this is laid on the j^ate 
<^vered with the aqua^tint ground, in the .same 
maantf, a^id on the same parts as ink on the di*aw- 
ing. When .Ijliis is4fy, the whob plate is varnished 
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over with a weak and thin varnish of turpentine, 
asphaltum, or mastich, and then suffered to dry, 
when the aqua fortis is poured on. The varnish 
will immediately break up in the parts where the 
treacle mixture was laid, and expose all those places 
to the action of the acid, while the rest of the plate 
remains secure* The effect of this will be, that all 
the touches or places where the treacle was used 
will be bit in deeper than the rest, and will ha\e all 
the precision and firmness of touches in Indian-ink. 

After the plate is completely bit in, the border- 
ing-wax is taken off, by heating the plate a little 
with a lighted piece of paper ; atad it is then cleared 
from the ground and varnish by oil o£ turpentine, 
and wiped clean with a rag and a little fine whiting, 
when it is ready for the printer. 

The principal disadvantages of this method of 
aqua-tinting are, that it is extremely difficult to 
produce the required degree of coarseness or fine- 
ness in the grain, and that plates so engraved do 
not print many impressions before they are worn 
out. It is therefore now very seldom used, though 
it is occasionally of service. 

We next proceed to describe the second method of 
producing the aqua-tint ground, which js generally 
practised. Some resinous substance is dissolved 
in spirits of wine, as common resin. Burgundy- 
pitch, or mastich, and this solution is poured all 
over the plate, which is then held in a slanting 
direction, till the superfluous fluid drains off; and 
it is then laid down to dry, which it does in a few 
minutes. If the plate be then examined with the 
magnifier, it will be found that the spirit, in evapor- 
ating, has left the resin in a granulated state, or 
rather, that the latter has cracked in every direc- 
tion, still adhering firmly to the copper. 
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A grain is thus produced with the greatest ease, 
which is extremely regular and beautiful, and 
much superior for most purposes to that produced 
by the former method. After the grain is formed, 
every part of the process is conducted in the same 
manner as above described. 

Having thus given a general idea of the art, we 
shall mention some particulars necessary to be 
attended to, in order to ensure success in the oper- 
ation. The spirits of wine used for the solution, 
must be highly rectified, and of the best quality. 
What is sold in the shops generally contains cam- 
phor, which would entirely spoil the grain. Resin, 
Burgundy.pitch, and gum mastich, when dissolved 
in spirits of wine, produce grains of a different 
appearance and figure, and are sortietimes used 
separately, and sometimes mixed in different pro- 
portions, according to the taste of the artist, some 
using one substance, and some another. In order 
to produce a coarser or finer grain, it necessary to 
use a greater or smaller quantity of resin j and to 
ascertain the proper proportions, several spare pieces 
of copper must be provided, on which the liquid 
may be poured, and the grain examined, before it is 
applied to the plate to be engraved. After the 
solution is made, it must stand still and undisturbed 
for a day or two, till all the impurities of the resin 
have settled to the bottom, and the fluid is quite 
pellucid. No other method of freeing it from those 
impurities has been found to answer ; straining it 
through linen or muslin, only fills it with hairs, ^ 
which are ruinous to the grain. The room in which 
the liquid is poured on the plate must be perfectly 
still and free from dust, which, whenever it falls on 
the plate while wet, causes a white spot, which it is 
impossible to remove without laying the grain 
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a-fresh* The pkte must also be previously eleaned, 
with the greateH possible care, with a rag and 
wbitiHgi as the smallest stain or particle of grea^ 
produces a streak or blemish in the graifa; All 
these attentions arfe absolutely necessary to produce 
a tolerably regular grain j and, after everything 
that can be done by the most exprienced artists, 
still there is much uncertainty in the process. They 
are sometimes obliged to lay on the grains severstl 
times, befote they procure otie suflBeiently regular. 
The same pi^oportions of rtiaterials do not always 
produce the saitie effect, as it depends in toine 
degr^ on their qualities: and it is even materially 
"ilteted by thte weather; These diflBculties are not 
to be Surmounted but by a great deal of experience; 
dad those Who are daily in Jhe habit of practising 
the art are frequehtly liable to the niost uniicteount-s 
able accidents; Indeed, it is much to be lamentfedi 
tiiit so elegant and useful a process should be so 
extremely delicate and urtcertain; 

It being necessary to hold the plate in a slanting 
direction^ in t>rder to drain off the superfluous fluid* 
Ihere will naturally b6 a greater body of the liquid 
at the bottom than at the top of the plate. On this 
acbount( a grain laid in this way is always coarser 
it the side of the plate that was held lowermost« 
The most usual Way is^ to kteep the coarsest side fbr 
the fore-ground, that being generally the part 
which has the deepest shadows. In large lahd- 
scapes>, sometimes various parts are laid with dif- 
ferent grains, according to the nature of the subject. 

The finer the grain is> the more nearly does the 
impression resemble Indian-ink, and the fitter it isfot 
imitating drawings: but very fine grains have several 
disadvantages; for they are apt to come off before 
the aqua fortis has lain on long enough to produce 
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the dedred dfepth ; and as the plate is at>t carit>dtd 
so deepi it soon wears out in printing ( Whetta^^ 
coarser graitis are firmer^ the acid goes deeper^ and 
the plate will throw off a great many more impress 
sions. The reason of ^11 this is evident, when it is 
cdlisidered, that in th6 fine grains, the particles ate 
small and near (sach other, and consequehtLy the 
aqua fortid, which acts laterally as well as d6wn<» 
wardb, soon undermines the particles, bnd eauses 
them to cdme off. If left too long on the pktei 
the acid Would eat away the grain entire]yi 

Ofi these accounts, therefore^ the moderately, 
coatse grains are more sought after, and anbwet 
better the purpose of the publisher, thto ^e fine 
grains which were formerly in use* 

Although th^re are considerable difficulties in 
liying property the aqua tint graitl^ yet th6 corrodr. 
in^ the copper^ or biting4n^ so as to producid ex**, 
actly the tint requiired, ijs dtill more preqarious and, 
unbertain. All engravers allow that no pMitive 
rules call be laid down^ by which the success o^ 
this process can be secured } nothing but a great 
deal of experience and attentive observation can 
enable the artist to do it with any degree of cer- 
tainty* 

There are some hints, however, which may be 
of considerable importance to the person who 
wislies to.attain the practice of this art. It is evi- 
dent, that the longer the aeid remains on the cop- 
per, the deeper it bites, and consequently the 
darker will be the shade in the impression* It 
may be of some use^ therefore, to have several bits 
of copper laid with aqua tint grounds, of the same 
kind to be used in the plate, and to let the aqua 
fortis remain for different lengths of time on each j 
and then to examine the tints produced in one, 
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two, three, four minutes, or longer. Observations 
of this kind, frequently repeated, and with differ- 
ent degrees of strength of the acid, will at length 
assist the judgment, in guessing at the tint which 
is produced in the plate. A magnifier is also use- 
ful to examine the grain, and to observe the depth 
to which it is bit. It must be observed, that no 
proof of the plate can be obtained till the. whole 
process is finished. If any part appears to have 
been bit too dark, it must be burnished down with 
a steel burnisher j but this requires great delicacy 
and good management not to make the shade 
streaky; and as the beauty and durability of the 
grain is always somewhat injured by it, it should 
be avoided as much as possible. 

Those parts which are not dark enough must 
have a fresh grain laid over them, and be stopped 
round with varnish, and subjected again to the 
aqua fortis. This is called re-biting, and requires 
peculiar care and attention. The plate must be 
very well cleaned out with turpentine brfore the 
grain is laid on, which should be pretty coarse, 
otherwise it will not lay upon the heights only, as 
is necessary, in order to produce the same grain. 
If the new grain is different from the former, it 
will not be so clear nor so firm, but rotten. 

We have now given a general account of the 
process of engraving in aqua tint, and we believe 
that no material circumstance has been omitted, 
that can be communicated without seeing the 
operation ; but after all it must be confessed, that 
no printed directions whatever can enable a person 
to practise it perfectly. Its success depends upon 
so many niceties, and attention to circumstances 
apparently trifling, that the person who attempts 
it xxsmt not be surprised if be does not succeed at 
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first. It is a species of engraving simple and ex^* 
peditious, if every thing goes on well j but it is 
very precarious, and the errors which are made are 
rectified with great difficulty. 
. It seems to be adapted chiefly for imitation of 
sl^etches, washed drawings, and slight subjects; 
but does not appear to be at all calculated to pro- 
duce prints from finished pictures, as it is not sus* 
ceptible of that accuracy in the balance of tints 
necessary for this purpose. Nor does it appear to 
be very suitable for book-plates, as it does not print a 
sufficient number of impressions. It is, therefore, 
not to be put in competition with other modes 
of engraving. If confined to those subjects for 
which it is calculated, it must be allowed to be 
extremely useful, as it is expeditious, and may be 
attained with much less trouble than any other 
mode of engraving. But even this circumstance 
is a source of mischief, as it occasions the produc- 
tion of a multitude of prints that have no other 
ef&ct than that of vitiating the public taste. 

Engraving in aqua tint was invented by Le 
Prince, a French artist, who kept his process a 
longtime secret, and it is said he sold his prints at 
first as drawings; but he appears to have been 
acquainted only with the powder-grain and the 
common method of stopping-out. The prints 
which he produced are still some of the finest 
specimens of the art. Mr. Paul Sandby was the 
first who practised it in this country, and it was 
by him communicated to Mr. Jukes. It is now 
practised very generally all over Europe ; but no 
wher^ more successfully than in this kingdom, 
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WOOD42UTTlNa 

Wood-cutting or engfaviiig oil Wodd Is a pf^ 
<^m eHiictly thfe reverse to eUgtaVing on (^oj)p^r. 
In the Ulieti the i^tfokgii to be pritited are i^uftki 
or cut ihtb the Cojppei") iktid a rollitig^prete in used 
for priming it j but iii eiigmvittg on wobdi all the 
wood id cut ftWay, except th§ lines to b^ printed) 
which dre left btatiding up like types^ and the 
mode c^pHtiting is the mme as that udbd in letter^ 
presdk 

The wood Used for this purpoiie iu b©*.w6od> 
which is planed quite sidc^thi The design is the^ 
drawn upon the Wood itself with blACsk^ead, and 
all the wood is cut away with gravers and trther 
proper tools, except the lines that are drawh. Oi* 
sometinieB the design is dt^wn upon i^pdr, and 
panted upon the woodi which is cut as before*: 
Thib art is of coitinderabie diiBculty^ dnd ihei'e Me 
few who prstctite it. It is» hoWeVer^ usefbl for 
boUksy as the printing <^f it is cheaper than that 
of eopper^platesb It dannot be applied equally 
well to all the purposes to Which copper-plate en^ 
gravitig is iipplicable» . 



ETCHING ON GLASS. 

Glass resists the action of all the acids, except 
the fluoric acid* By this, however^ it is corroded 
in the same manner as copper is by aquafortis;, 
and plates of glass may be engraved in the same 
manner as copper. 

There are several methods of performing this. 
We shall first describe the mode pf etching by 
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irteati.4 of the flubric acid in the state 6f gas. 
Having GoVefed oVei* the glass to be etched with 
a thlti eoat df vifgin-Wax (which is only Gommon 
beesiwdj^ bleached Whitej) draw the design upon 
it) in the same tnanner as in etching on coppen 
Then take some Jluor spar^ cdmmonly called 
HerbrfMriB spar^ J)olind it fine, and put it into ^ 
leaden vessel, pduHng sdnte sulphuric acid over it» 
Place the glass With the etched side lowermost 
over this vessel, two dr three inches above it* 
Apply a gentle heat to the leaden vessel j this will 
caui^ the aeid to act upon the fluor spar, and diis- 
ettgage the gasj ivhich Will corrodfe the glass. 
When it is sufficiently dorrodedi remove the wax 
by Oil <tf turpentine. 

Thii etdhing may be also performed by raising 
a margin of bordering- wax all round the glas^ 
in the same manner as on copper, and pouring 
on the liquid fluoric acid, which acts upon the. 
gldssi The method of making this acid was 
described under the artide fluoric acid, in che* 
raistry. 

A third method of etching on glass is as foUoWs : 
Having put the wax on the glassy draw your 
design, and raise a margin all round it. Then 
put pounded fluor spar, with some sulphuric 
acid diluted With water, upon the glass* The 
sul{ihuric acid will disengage the fluoric^ which 
will be absorbed by the water, and cortod^ the 
glass. 

In all the above-mentioned methods, some of the 
gas is let loose in the apartment, and is exceed-^ 
ingly sufibcatingi To remedy this inconvenience* 
an apparatus was contrived by the editor of this 
work, some years ago, and is found to answer 
perfectly. 
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, A, Fig.5., Plate XVII., Vol. 1., is a cylindrical 
leaden vessel, having a rim B all round it, made 
like Count Rumford's steam rim for cooking 
vessels, into which is put a little water. Into this 
rim fits a cover c, having a pipe d coming from it, 
which is inserted into a large oblong vessel e of 
sheet lead, or iron well tinned, having a rim and 
cover similar to the vessel A, only the cover has no 
aperture. The fluate of lime powdered and the 
sulphuric acid are put into the leaden vessel A, 
which is placed upon a stand made of wire, having 
a lamp to heat the contents of the vessel over it. 
As soon as the gas is evolved it ascends, and not 
being able to escape through the rim B, on account 
of the water, which condenses a portion, it pro- 
ceeds through the tube into the large vessel e, in 
which is placed, upon stands of wire, the glass 
prepared for etching by drawing through a var- 
nish, as above described. 

In this vessel the gas collects, and acts upon the 
glass : the rini with water prevents any noxious 
fiimes from escaping into the room. The vessel e 
is placed upon a stand of such a height as to agree 
with that of the lamp. In this manner the process 
may be conducted with the utmost ease and 
elegance. 

Beautifril ornaments may thus be etched on 
glass, and applied to decorate windows, by paint- 
ing the figure of the ornament on panes of glass 
with enrgravers' stopping varnish, and then ex- 
posing the panes to the action of the gass in the 
vessel e. The gas will corrode all the surface of 
the glass, except where the varnish has been put, 
and give it much the appearance of ground glass, 
which may be rendered more or less opaque by 
lengthening or shortening the process, The parts 
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where the varnish was applied will continue trans- 
parent and seem extremely bright. It is to be 
noticed, when the liquid fluoric acid is used, the 
lines which have been etched continue still trans- 
parent ; but when the gas has been employed, the 
line is white and opaque, as if cut by a wheel. 



LITHOGRAPHY. 



This art is so called, because the impressions 
are produced from drawings made on stone. It 
was invented by Aloys Sennefelder, a German, 
about the year 1800. 

There are several styles of drawing employed in 
lithographic prints. The chief are, the line manner, 
and the chalk manner. In the line manner, which 
is similar in its effect to the line engraving on cop- 
per of second rate quality, lines are drawn on a 
stone with a particular sort of ink, by means of 
pens of various kinds, or a camels-hair pencil. . 

In both these methods, the same kind of stone is 
used } but in the line manner, the Stone must be 
polished smooth with pumice-stone, whereas, for 
the chalk it is made a little rough, by grinding with 
sand. The stone must be calcareous and of a light 
colour. The white lias in this country answers 
tolerably well, but is not so fit as the German 
stones. 

The lithographic ink is composed of equal parts 
of tallow, bees-wax, shell lac, and common soap, 
with a sufficient quantity of lamp-black to colour 
it. These ingredients are mixed by heating them, 
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and even burning them in m iron vessel. When 
cold, the mass is rubbed on a tile with water, like 
Indian ink, and put into a pen or brush. 

The lithographic chalk is formed of 2 oz. of tal- 
low, 2^ oz. of bees-wax, 1 oz. of shell lac, and 
If oz. of common soap. These are also united by 
heating as before ; when cold it is cut into slips, 
and used as a crayon. 

When the drawing is made on the stone with 
the pen and ink, or with the chalk or crayon, some 
water, having in it a little nitric acid, is poured 
over the stone, which slightly corrodes the sur- 
face ; gum-water is then laid on with a brush, and 
the stone is left to dry ; it is now ready for print- 
ing from. 

To print from the stone, the printer proceeds to 
wet the surface of it with a sponge with water, 
and then applies the printing ink, by a roller. 

The printing ink, made of equal parts of bur^t 
oil or varnish, and lamp-black, sometimes with the 
addition of wax and tallow, adheres to the lines 
which have been drawn with the lithographic ink 
on the stone, while the water prevents it from 
sticking to the rest of the surface. The lines alone 
are thus charged with printing ink. Some damped 
paper is now laid upon the stone, and passed 
through a press, by which an inipression is obtained. 
The stone is again wetted, alid the printing ink 
applied for a second impression, and so on. 

The process is the same for printing chajjk draw- 
ings ; but they are more difficult to print, and give 
fewer impressions. 

This art has made cousiderjable progress on the 
continent ; in this country it has advsuiced more 
js^lowly, (^efly from the secresy employed in the 
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processes of printing. On this account, its advan- 
tages were not well comprehended, it being difficult 
to institute a just comparison between this and the 
other species of engraving, which are in this coun- 
try carried to such a high degree of perfection. It 
is now, however, rapidly improving, since artists 
have been induced to take it up, and we shall 
probably soon equal, if not surpass, our continental 
neighbours. 
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— ofPnetunatics, 1.455 

— of HydrauHcs, i.456 
» of Acoustics, i. 458 

— of Optics, i. 459. 

— of Electricity, i. 461 

— of Galvanifiin, i. 463 

— of Magnetism, i.464 
*- of Astronomy^ i. 466 



Acid Nitrous, ii. 44 

Nitric, ii. 45 

'^ Hydro-chloric, or muri« 

atic, ii. 65 
«r — Sulphurous, ii^ 68 
Sulbhuric, ii. 69 

— Carbonic, ii. 70 
-^— Phosphorous, ii. 76 
-^— Phosphoric, ii. 76 > 
— — Boracic, ii. 76 

— Fluoric, ii. 77 
Fluo-boric, ii. 78 

— Siliceo-fluoric, ii. 78 

— Arsenic, ii. 117 

, ■ '■ Arsenious, ii. 1 17 

Molybdic, ii. 120 

Chromie, ii. 126 

— n— Tunstic,ii. 120 

Tartaric, ii. ISS 

—-— Oxalic, ii. 133 

Malic, ii. 133 

-Gallic, ii. 134 

VOL. J I. a 



Acid Citric, ii. 134 

'■'" Benzoic, ii. 134 
.— — . Kinic, ii. 134 

Acetous, ii. 136 

Acetic, ii. 137 

- — - Lactic, ii. 139 

Uric, ii. 139 

Amniotic, ii. 139 

.— — Saccho-lactiCf ii. 140 

Sebacic, ii. 140 

Prussic, ii. 140 
Formic, ii. 140 
AdipocTre, ii. 139 
Affinity, chemical, ii. 5 
Air, mechanical propnerties of, 
i. 126— weight of, 135 — 
pressure of, 131 — density 
of, 135— Meight of, 135 — 
elasticity of, 137 — con- 
densed, 145 
Air pump, i. 129— r experi- 
ments with it, i. 139 — prac- 
tical directions fsr using, i. 
153 
Air gun, i. 157 
Air balloons, i. 162 
Air atmospheric, chemical pro « 

perties of, ii. 46 
— fixed, ii. 71 
Albumen, ii. 138 
Alkalies, ii. 78 
Alkphol, ii. 135 
Alum, ii. 92 
Alumina, ii. 91 
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Amalgams, li. 104* 
Amber, ii. 129 
Ammonia, ii. 85 
Animal substances, ii. 137 
Animalculs, method of pro- 
curing, ii. 339 
Antimony, ii. 115 
Aquatinta, ii. 432 



Arsenic, ii. 116 
Arsenic acid, ii. 117 
Astronomy, i. 413 
Attraction, i. 12 
— — -, electrical, i. 324 

" ' , magnetic, i. 39S 

-, chemical, ii, 4 



Aurum musivum, ii. 325 



6. 



Balance, i. 32 
Balloons, air, i, 162 
Barometer, i. 147 
Barometer gauge, i. 154 
Barytes, ii. 89 
Battery, electrical, i. 340 

, galvanic, i. 383 

Beer, ii. 135 — 158 
Bellmetal, ii. 110 
Bismuth, ii. 116 
Bitter principle, ii. 139 



Bitumen, ii. 130 

Bleaching, ii. 160 

Blood, ii. 140^ 

Bone, ii. 140 ^ 

Boron, ii. 76 

Brass, ii., 110 

Bread, manufacture of, ii. 147* 

Brewing, ii. 153 

Bronze, ii. 110 

Bronzing, ii. 282 



C, 



Calico-printipg,iu 196 
Calomel, ii. 104 
Caloric, ii. 22 
Camera obscurai i. 312 
Carbon, ii. 70 
Gfimphpr, ii. J32 
Carbonat^, ii. 73 
Carbptpate of so^, ii. 82 

7^-*^ of amjapnia, ii. 85 

— TT " P^ ^^^> ii . 87 

of magnesia, ii. §9 



— '- of barytes, ii, 90 

Carbonic acid, ii. 71 
Carbonic oxide, ii. 73 
Carburets, ii. 73 
Casts, method of making, ii. 

289 
Catechu, ii. J31— 209 ^ 

Caoutchouc, ii. 1 30 
Cements, various kinds of^ ii. 

292 
Centre of gravity, i. 20 — of 

oscillation, i. 82 
Centrifugal and centripetal 

forces, i. 19 



C^ium,. ii* 124 
Chepaifitry, defimtioft of, ii. 1 
. ■■; — Animal^ ii. 144 

• , instruraentsfor,ii*4 

Chlorates, ii. 65. 

ChJpriqacid,.ii.64 

Chlorides, ii. 65 

Chlorine, ii. 63 

Chromate of lead, U- 113- 

Chromium, ii. 123 

Chronometers, i. 83 

Cinnabar, ii. 104. 

Clay, ii. 92 

Clepsydra, i. 83 

Clocks, i. 84 

Cobalt, ii. 119 

Colouring matter, ii. 131 

Colouring used, for dmwiaff, 

ii.410 
Columbium, ii, 124 
Combination, chemical, ii. 6 
Comets, i..439 
Compass, mariners', i. 402^ 

411 
-, arimuth, i. 412 
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Condenser for air, i, 145 Crdyon ^aintiifg, ii. 409 

Copal, lu 129 — method of CupeHation, !!• 215 

diftsolyihg il, n. 243 Currying, art of, ii. 211 

Copper, ii, 109 Cyanogen, ii. 74 
Cotton, bletcfaing of,4i. 170 



D. 



Dip, of the magnetic needle, 

1. 403 
Discharge, electrical, i. 339, 

345 
Distillation, ii. '8. , 
Diving bell, i. 159 
Divisibility of matter, ], 2 
Drawing, ii. 342—348 



-, implements for, ii. 342 
-, the figure, ii. 388 
-, landsc^es, ii. 400 
-, mechanical, ii. 403 



Drawings, methods of copying, 

ii- 404 
Dydng, ii. 178 



Earth, considered as a planet, 

i. 433 
Earths, ii. 86 
Echo, i. 229 
Eclipses, i. 441 
Elain, ii. 139 
Electncity, i.319— considered 

chemically, ii. 35 

■ — , atmospheric, i. 346 

■ ■ — , miscellaneous ex- 
periments in, 1. 352 

— — — , animal, i. 373 
— — — ', medical, i. 375 



Electrometer, i. 326 
Electrophorus, i. 344 
Elementary substances, ii. 2 
Engraving, ii. 419 
Epsom salt, ii. 89 
Equator, i. 415 
Etching on copper, ii. 423 
' on glass, ii. 442 

Ether, ii. 136 
Euchlorine, ii. 64 
Evaporation, ii. 8 
Extension, i. 5 
Eye, description of, i. 249 



Fecula, ii. 127—148 

Fermentation, ii. 134 — 150 

Fibrin, ii. 138 

Filtration, ii. 7. 

Fine arts, ii. 342 

Fire works, artificial, ii. 329 

Flax, ii. 161 

Fluidity, i. 6 

Fluates, ii. 78 

Fluoboric acid, ii. 78 



Fluoric acid, H. 77 
Fluorine, ii. 77 
Fluor spar, ii. 77 
Fly wheels, i* 62 
Fountain, i. 178 
Friction, i. 57 
Fulling, ii. 172 
Fulminating powder, ii. 321 * 
Furnaces, h. 18 . .v i 



Graltanisin, 1. 381 
Gas, ammonical, ii. 85 
Gas, definition of, ii. 26 



G. 



gg2 



Gelatine, ii. 137 
Geometry, practical, H. ^8 
Gilding, li. 261 
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Glass, chemical composition. Gold, ii. 99 
ii. 91 — manufacture of, ii. Gravity, i. 14 — specific, i. 117 



235 

Glauber's salts^ iir 8S 
Glucine, ii. 9S 
Glue, ii. 292 
Glutin, ii. 128—148 



Grottoes, artificial, ii. 3S0 
Gum, ii. 126 

Gunpowder, composition of, 82 
Gypsum, ii. 88 



H. 



Hair-rope machine, i. 195 
Harmony of sound, i. 228 
Hops, ii; 157 
Hydraulics, i. 176 
Hydrocarbonate gi^, ii. 59 
Hydrocyanic acid, ii. 74 
Hydrogen, ii. 49 —an acidifying 
principle, 54 



Hydrometer, i. 120 
Hydrostatics, i.~ 106 
Hydrostatic balance, i. 118 
Hydrostatic bellows, i. Ill 
Hydrostatic paradox, i. 109 
Hygrometer, 15 i. 2 



Japanning, ii. 248 Ink, Indian, ii. 34^ 

Impenetrability of matter, i. 2 Iodine, ii. 66 

Inclined plane, i. 43 Invisible girl, i. 230 

Ink, method of making, ii. 306 Iridium, ii. 121 

~, sympathetic, ii. 308 Iron, ii. 104— ores of, 106 



Kelp, ii. 213—235 



K. 



Lac, ii. 129 

Lacquering, ii. 258 

Landscapes, drawing of,ih 400 

Lead, ii. Ill 

Leather, nature of, ii. 201-^ 
tanning of, ii. 202 

Lever, i. 24 

Light, velocity of, i* 232— 
rdraction of, 234 — con- 
sidered chemically, ii. 33 



Lens, i. 236 — burning, i. 240— 
focal distances of, 243 

Lime, ii. 87 

Linen, bleaching of, ii. 160 

Lithia, ii. 84 

Lithography, ii. 445 ■ 

Lixiviation, ii. 8 

Loadstone, ii. 105 

Lute,, used in chemical ope*. 
rations, ii. 9. 304 



Narcotic principlci ii. 332 
Nickel, ii. 117 
Nitrates, ii. 46 



N. 



Nitrate of potash or- nitre,- ii.t 

81 
Nitric acid,'ii. 45 • 
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Nitric oxide or nitrous ga», ii/ Nitrous acid, ii. 44 

49 Nitrous oxide, ii. 40 

Nitrogen, ii. 39 ^ Nomenclature of chemistry, ii. 

Nitrous acid gas, ii. 44* ' 19* 142 



M. 



Machines, compound, i. 4f8 

Machine, electric, i. S22 

Magic lanthom, i. SI 6 

Magnesia, ii. 89 

Magnetism, i. 396 

Malt^ 135— 154, 

Manganese, ii. 118 

Mastic, ii. 129 

Matter, i. 1 — its proper- 
ties, i. 2 

Mechanics, i. 1 

Mechanic powers, i. 23 

Mercury, ii. 103 

Metals, ii. 94 — refining of, 
ii. 215. 

Mezzotinto scraping, ii. 431 

Microscopes, i. 271 

Milk, ii. 139 

Mills, i. 67 ^ 



Mirrors, i. 262 

Mixture,! as distinguished from 
combination, ii. 6 

Mobility of matter,^. 2 

Molybdena, ji. 120 

Moon, i. 436 

Mordant, ii. 180 

Motion, laws of, i. 7 — commu- 
nication of, i. 58 — regu]a-> 
tion of, by fly wheels, i. 62 

Moving powers, i. 52 

Moulding and casting, ii. 284 

MucUage, or gum, ii. 126 

Mucus, ii. 138 

Multiplying glass, i. 311 

Muriate of soda, ii. 83 

of ammonia* ii. 86 

Muriatic acid, ii. 65 



O. 



Oil of vitriol, ii. 69 
Oil, fixed, ii. 128 
— volatile, ii. 129 

animal, il. 139 

phosphoric, ii. 319 

Operations, chemical, ii. 6 

Optics, i. 232 

Orrery, electrical, i. 333 



Osmium, ii. ] 21 
Oxychloric acid, ii. 64 
Oxydes, ii. 96 
Oxygen, ii. 36 
Oxygenated muriatic acid, 

used in bleaching, ii. 166 
Oxymuriate of potash, ii. 82 



P. 



Palladium, ii. 122 

Paper, bleaching of, ii. 177 

Paradox, hydrostatic, i. 109 

Paste,method of maldng, ii. 303 

Pasting, ii. 218 

Pearlash, ii. 80 

Pendulum, i. 80 

Perkinism, i. 394 

Perspective, ii. 374 

Pewter, ii. Ill ' 



Phantasmagoria, i* 316 
Phlogiston, ii. 98 
Phosphorus, ii. 74— method of 

making, ii. 316 
Phosphoretted hydrogen, ii. 62 
Phosphoric acid, ii. 76 
Phosphuret of lime, ii. 88. 320 
Pinchbeck, or princes* mctal^ 

ii. 110 
Piaster of Paris, ii. S9 : 
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Plating, ii. 276 
Planets^!. 4<22—4S7 
PoiQtSy electrical, i.. $Sl 
Polarity of the magnet, L 401 
Potash, ii. 79. 

, manufacture of, ii. 214 

Potassium, ii. 81 
Pottery, ii. 228 
Pr^cifatetiom^ chemical, iL 5 



Press, Bramah'8,t«115 

Prussian blue» ii. 74 

Prussic acid, ii. 74. 

Pulley, i. 4L 

Pump, air, i. 129 — sucking, i. 
183— lifting, i. 185 — fore* 
ing, i. 186 — various con- 
structions ^f, J. 188 

Pyrometer, ii. 30 



R, 



Recapitulation of the. principal 

facts in voL i. 446 
Receipts, miscellaneous, ii. 316 
Reflection of light, i. 261 
Refining met^, 0. 215 
Refraction of lights 1 234-247 
Repulsion, i. 22 

^ — , magnetic, i. 400 



Resin, ii. 129, 239 — animal re- 
sins, ii. 140 

Retorts described, ii. 9 

Rhodium, ii. 121 

Ribbands covered with ^old by 
a chemical process, u. 325 

Rupert's drops^ ii. 238 



Sacchrometer, ii, 157 

Saltpetre, ii. 81 

Scapement, i. 86 

Screw, i. 45 

Sea salt, composition of, ii. 83 

Selenium, ii. 125 

Shock, electrical, i* 335 

Silica, ii. 90 

Silks, bleaching o^ ii. 173 

Silver, ii. 101 

Silvering, ii, 275 

Size, method of making, ii. 304 

Soap, chemical composition of, 

ii. 84. 128 
Sbda, ii. 82— manufacture of, 

ii. 212^ 
Sodium, tL 83 
Soldering, ii. 283 
Solidity of matter, i, 2. 
Sound i. 227 
Spark, electric, i. 328 
Speaking tubes^ i. 230 
iS^cific gravities, L 1 17-^ table 

of, L 122 
Spectacles, i. 257 
Spermaceti^ ji. ] 39 . , [ 



Spouting of water, i. 176 
Springs, nature of, explained, 

i. 116 
Staining wood, ii. 313 

■ of ivory, ii. 316 
Stains, method of removing^ 

ii. 310 

Starch, ii. 127 

Stars, fixed, i. 439 

Statera, i. 35 . ' 

Stean? ©Pgine, i. 206 — inven- 
tion of, 207 — SavaryX 208 
— Newcomen's,21 1 — Watt's, 
216 — Cartwright's, 224 — 
Highpressure, 224 

Steam boats, i. 225 

Steam used in bleaching, ii. 169 

Steadn, ii. 139 

Steel, ii. 105 ^ a method of 
maJdng, 337 

Strontia; ii. 90 

Suction, J. 133 

Sugar, ii. 127 -^animal s«:^ar, 
ii. 140 

Sulphate of lime, ii. 89 

■ of magnesia, ii. 89 
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Sulphate of barytes, ii. 90 

. of iron, ii. 105 

'I of copper, ii. 1 9 

of soda, ii. 83 

Sulphur, ii. 67 
Sulphuretted hydrogen, ii. 61 



Sulphuric acid, ii. 69 
Sulphuring in bleaching, ii. 172 
Sun considered as the centre of 

our system, i. 431 
Sjrphon, L 179 



Tannin, ii. 131 
Tanning, ii. 201 
Telescope, i. 297 

'■' ' , refracting, i. 297 
" ■ , binocular, i. 301 

, reflecting, i. 303 

, acromatic, i. 308 

Terella, i. 405 
Thorina, ii. 93 
Tides, cause of, i. 444* 
Time keeper, i. 84 
Tin, ii. Ill 



Tinning, ii. 281 
Titanium, ii. 123 
Tobacco-pipes, manufacture 

of, ii. 234 
Tombac, ii. 110 
Torricellian vacuum, i. 129 
Touch, magnetic, i. 406 
Transparencies, method of 

making, ii. 407 
Trumpet, speaking, i. 231 — 

hearing, i. 231 
Tungsten, ii. 120 



Uranium, ii. 124 
Vacuum Torricellian, : 

Boylean, i. 129 
Valves, i. 202 



U & V. ' 

Varnishing, ii. 239 
129 — Vegetable substances, ii. 125 
Verdegris, ii. 110 
Vision, cause of, i. 244 



W. 



Watches, 1.84— 89 
Water, chemical constituents 

of, ii. 54 
Waternspouts, i. 175 
Wax, ii. 132 
Weather-glass, i. 150 
Wedge, i. 44 
Wheel and axis, i. 36 



Wheels, bevelled, i. 60 
Wheels carriages, i. 101 
Wind gauge, i. 152 
Winds, various classes of, i. 1 72 
Wood-cutting, ii. 443 
Woody fibre, ii. 131 
Wool, bleaching of, ii. 171 



Zenith, 1.415 
Zincyii. 114 



Zirconia, ii. 93 
Zodiac, i. 419 



THE END. 
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